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Dioptric  system.     A  refracting  system ;  a  lensi  system ;  any  combination 

of  refractive  media. 
Dioptrion.     (L.)     See  Dioptra. 
Dioptrismus.     (L.)     The  employment  of  a  dioptra. 
Dioptrometer.     The  trade  name  of  a  patented  device  for  the  correction 

of  refractive   errors  by  subjective  means.     The   inventor    (Geo.   A. 

Rogers)  claims  that  the  instrnment  possesses  the  following  advantages: 


Dioptrometer. 


A  series  of  four  lenses  are  tubularly  arranged.  All  of  them  are  of 
fixed  values,  and  two  are  in  a  fixed  relative  position.  The  fixed  lenses 
are  the  ocular  and  the  primary  lens,  and  they  are  one  focal-length  of 
the  latter  apart.  The  moving  lens  is  a  pair  of  cross  cylinders,  axes 
always  at  right  angles,  but  rotateable.  When  together  the  cylinders 
have  a  spherical  value  and  function.  Separation  of  the  cylinders 
introduces  a  cylindrical  value  into  the  series.  By  the  combined  rota- 
tion of  the  cylinders,  differences  of  value  are  located  in  any  desired 
principal  meridians  of  the  eye.  The  movement  of  the  moving  lens, 
by  which  the  dioptric  value  of  the  series  is  altered  at  will ;  and  the 
separation  of  the  cylinders  by  which  a  cylindrical  value  is  introduced; 
enables  the  operator  to  place  any  desired  sphero-cylinder  value  at 
any  axis  before  the  eye.  None  of  these  movements  disturb  the  position 
of  the  posterior  nodal  point  of  the  series,  which  i.s  at  the  optical  center 
of  the  eye  lens,  and  remains  in  that  position  for  all  adjustments. 
Such  movements  do  change  the  position  of  the  anterior  nodal  point, 
and  that  only.    Hence,  axial  rays  pass  out  of  the  series  at  a  constant 
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angle,  tlepeiuliiig  upon  the  size  and  distance  of  the  object  only — form- 
ing the  normal  angle  of  vision  and  maintaining  it  for  every  adjust- 
ment. The  instrument  or  any  adjustment  of  its  lenses,  to  a  spherical, 
cylindrical  or  compound  value,  neither  magnities  nor  reduces  the  ob- 
ject, nor  can  a  cylindrical  value  distort  it.  As  a  consequence  of  the 
above,  standard  type  sizes  and  distances  are  employed,  both  for  distance 
and  near  tests.  But  the  lens  value  obtained  is  placed  at  the  plane  of  the 
optical  center  of  the  eye  lens,  so  that  it  has  no  thickness.  Hence,  a 
value  of  -{-  6.62  sph.  3  —  4.37  cyl.  occupies  no  more  longitudinal 
space  than  the  weakest  lens,  such  as  a  -|-  0.25  sph.  To  place  the  above 
value  before  the  eye  in  trial  case  lenses  would  require  four  lenses  in 
order  to  cover  the  fractional  values.  Hence,  the  instrument  correc- 
tion is  nearer  the  true  value  required,  or  the  specially  ground  lens  to 
correct  the  defect,  than  trial  lenses  can  be.  Finally,  the  control  of 
these  values,  the  mechanical  adjustments  by  which  one  value  is  sub- 
stituted for  another,  is  simple,  direct  and  very  precise  or  exact.  The 
above  qualities  make  the  adjustments  as  quick  as  desired,  robs  the 
work  of  adjusting  a  value  to  the  eye  of  tediousness,  takes  the  "labori- 
ous" element  out  of  it.  The  instrument  tests  or  measures  the  eye  in 
the  existing  condition,  whether  under  cycloplegia  or  not.  The  periph- 
ery of  a  dilated  pupil  may  be  excluded  by  a  perforated  disc  in  the 
eye  cup.  The  instrument  is  constructed  on  a  10  D.  basis,  which  makes 
all  dioptric  spaces  of  one  centimeter.  It  might  be  constructed  on  any 
other  basLs,  and  doubtless  the  binoculars  will  be  on  a  12.50  instead  of 
a  10  D.  basis,  as  that  shortens  the  enclosures. 

Dioptrometry.  Dioptometry.  The  art  and  science  of  measuring  the 
refraction  and  accommodation  of  the  human  eye. 

Dioptron.     A  speculum  for  surgeons'  use. 

Dioptrorganoscope.  (F.)  Diaphanoscope.  An  instrument  for  illu- 
minating cavities  through  their  walls — a  transilluminator   (q.  v.). 

Dioptry.  Diopter.  Dioptre.  Sometimes  (improperly)  a  Dioptric. 
In  optics,  the  unit  of  refractive  power  of  lenses  used  by  ophthalmic 
practitioners  to  correct  optical  anomalies  of  vision.  Originally  in 
German  called  Meterlinse  (Nagel)  ;  subsequently  in  French  named 
Dioptric  (Monoyer),  and  later  anglicized  to  Dioptry  (Landolt, 
Knapp,  Burnett).  It  represents  the  power  of  a  lens  whose  focal 
length  is  one  meter=100  centimeters,  or  39.37  U.  S.  standard  inches, 
and  which,  for  convenience  in  practice,  is  commonly  approximated  at 
40  inches.  As  the  power  of  a  lens  increases,  its  focal  length  de- 
creases, and  vice  versa ;  or  in  other  words,  the  power  of  a  lens  is  in 
inverse  proportion  to  its  focal  length.  Therefore,  in  the  inch  system 
the  power  of  a  lens  is  expressed  through  the  fractions  1/40,  1/20, 
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or  1/10  for  a  lens  whose  focal  length  is  40,  20  or  10  inches,  whereas 
in  the  metric  system,  for  a  lens  whose  focal  length  is  10,  25  or  50 
centimeters,  the  dioptral  power  is  expressed  by  100/10  =  10  D., 
100/25  —  1  D.,  or  100/50  =  2  D.,  respectively.  The  metric  or 
dioptral  system  is  far  more  convenient,  since  the  superposition  of  low 
powered  lenses  so  frequently  resorted  to  in  ophthalmic  practice 
renders  it  easier  to  add  their  powers  in  dioptries  than  to  add  frac- 
tions representing  their  powers  in  the  inch  system,  which  is,  there- 
fore, now  less  frequently  used.  The  focal  length  of  any  dioptral 
lens  is  readily  found  through  dividing  100  cm.  or  40  inches  by  the 
given  dioptral  power.  The  unit  of  prismatic  power  is  called  prism- 
dioptry.  See  Ophthalmic  lenses. —  (C.  F.  P.)  See,  also,  Physiological 
optics. 
Diorama.  A  spectacular  painting,  or  a  connected  series  of  paintings, 
intended  for  exhibition  to  spectators  in  a  darkened  room,  in  a  manner 
to  produce  by  optical  illusions  an  appearance  of  reality. 
Dioscorides,  Pedanius.  The  greatest  materia  medicist  of  antiquity. 
Born  about  40  A.  D.,  at  Anazarba  (later  Caesarea  Augusta)  in 
Cilicia,  of  Asia  Minor,  he  became  a  physician,  traveled  in  Egypt, 
Italy,  Spain,  Gaul,  Germany,  and  Greece,  and  died,  it  is  not  known 
where,  but  about  the  year  91. 

Familiar  with  all  the  medical  writers  of  his  time,  he  was  also  an 
independent  inve.stigator.  His  book,  "On  Materia  Medica,"  is  not 
merely  the  most  complete,  it  is  also  the  oldest,  that  lias  come  down 
to  our  day.  Though  devoted  to  medicines  of  every  conceivable  kind, 
it  is  especially  of  interest  to  modern  oculists. 

Some  of  the  ocular  diseases  which  Dioscorides  mentions,  together 
with  a  few  of  the  remedies  which  he  recommends  in  each  case,  are  as 
follows : 

Diseases  of  the  conjunctiva.  Pomegranate  flowers,  sheep's  tongue 
(the  plant  so-called),  hyoscyamus,  ironstone,  betel,  sesame,  mouse-ear, 
and  saffron. 

Diseases  of  the  lids.  Ebony,  burnt-sponge,  oil  of  roses,  blackthorn 
(for  blepharitis),  aloes  (for  itching).  For  trachoma:  Myrrh,  burnt 
mussel-shell  with  honey,  copper  ore,  iron  ore  (hematite),  mustard 
juice,  and  the  juice  of  unripe  grapes. 

Diseases  of  the  lachrymal  apparatus.  The  soot  from  resin  and  also 
that  from  pine  cones  (for  epiphora),  decoction  of  myj-tle,  with  bean 
meal  (for  laehrynial  abscess). 

Diseases  of  the  eydxdl.     For  prolapse  of  the  eyeball,  bean  meal. 

Diseases  of  the  cornea.  For  ulcers,  myrrh;  also  fi-ankincense  jind 
the  soot  of  liquid  pitch.     For  phlyctenules,  onion  juice.     For  corneal 


3998  DIOSPYROS  MALABARICA 

scars,  cedar,  resin  of  the  Ethiopian  oil  tree,  an  innocent  boy's  urine, 
boiled  with  honey. 

Diseases  of  the  iris.  Burnt  kernels  of  dates,  bean  meal,  oxide  of 
iron,  lapis  lazuli. 

Weakness  of  sight,  etc.  Oil  of  bitter  almonds,  resin  of  the  Ethi- 
opian oil  tree,  gall  of  the  water  scorpion.  For  glaucoma,  saffron-salve. 
For  cataract :  petroleum,  gall  of  the  water-scorpion,  onion  juice. 


Diosc'orides. 

Injuries  of  the  eye.     Mother's  milk,  with  frankincense,  hematite, 
aloes,  bean  meal  with  wane,  and  lapis  lazuli. —  (T.  H.  S.) 

Diospyros  malabarica.  (L.)  A  species  the  young  leaves  and  fruits 
of  Avhich  are  employed  in  aphtha  and  ophthalmia. 

Diottria.      (It.)     Dioptry  or  diopter. 

Dioxygen.     See  Hydrogen  peroxide. 

Dioxyphenylethanolamin  hydrochloride.  See  Arterenol,  Vol.  1,  p.  609 
of  this  Encyclopedia. 

Diphtheria.  This  well-knoAvn  infectious  disease  is  characterized  by 
the  formation  of  a  membranous,  fibrinous,  whitish,  or  grayish  de- 
posit at  the  seat  of  infection,  either  occupying  the  superficial  portion 
of  a  mucous  membrane  or  forming  a  membranous  coating  on  a  wound. 
The  characteristic  lesion  generally  affects  the  throat,  and  often  the 
nasal  passages  and  the  larynx;  occasionally  the  conjunctiva,  the 
bladder,  or  the  uterus. 

In    its   many    manifestations    the    disease    (including    the    ocular 
infections)  is  due  to  a  peculiar  bacillus,  first  discovered  in  1886  and 
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named  the  Klebs-Loffler  bacillus.  For  a  full  account  of  this  micro- 
organism, see  p.  781,  Vol.  II  of  this  Encyclopedia.  See,  also,  the 
account  of  Conjunctivitis,  Membranous,  p.  3113,  Vol.  IV,  of  this 
Encyclopedia. 

The  effect  of  the  toxins  of  diphtheria  upon  the  extrinsic  ocular 
muscles  and  upon  the  accommodation  is  well-known.  These  pareses 
are  generally  temporary,  both  of  cycloplegia,  heterotropia  and  hetero- 
phoria,  as  they  usually  disappear  within  a  few  weeks  after  the  first 
recovery  of  the  patient  from  the  systemic  poisoning.  Sometimes, 
however,  the  paralysis  persists. 

The  account  given  by  Story  {System  of  Diseases  of  the  Eye,  Vol.  4, 
p.  700)  of  the  effect  of  diphtheritic  poison  upon  the  ocular  apparatus 
serves  as  an  introduction  to  a  study  of  the  whole  subject.  He  says 
that  in  post-diphtheritic  paralysis  of  accommodation  there  is  a  positive 
increase  of  hypermetropia, — i.  e.,  during  the  paralysis  the  hyper- 
metropia  is  greater  than  can  be  rendered  manifest  subsequently  by 
complete  atropinization.  Jacobson  {Archiv  f.  Ophth.,  Vol.  12,  p.  47) 
has  accounted  for  this  by  the  supposition  that  the  crystalline  lens 
may  assume  a  flatter  curvature  in  long-continued  paralysis  of  the 
ciliary  muscle  than  it  docs  in  the  briefer  paralysis  induced  by 
atropinization.  The  effects  of  long-continued  atropinization  in  myopic 
children  support  this  explanation ;  but,  as  Forster  observes,  the  ex- 
istence of  a  certain  range  of  accommodation  in  most  of  the  diph- 
theritic cases  is  a  fact  which  tells  the  other  way.  Regular  astigmatism 
has  also  been  observed  to  be  present  during  the  diphtheritic  cyclo- 
plegia, and  has  been  accounted  for  by  the  theory  of  a  dynamic 
lenticular  astigmatism,  as  held  by  Dobrowolsky  and  Woinow,  which 
ceases  to  assert  itself  during  the  presence  of  the  paralysis.  The  lesion 
of  accommodation  shows  itself  at  various  times,  but  usually  from  the 
third  to  the  sixth  week  after  the  commencement  of  the  throat-affection. 
It  generally  passes  off  after  a  few  weeks,  but  may  persist  for  months. 
Eserine  appears  to  have  some  influence  in  shortening  its  duration. 
The  acuity  of  vision  also  may  suffer,  probably  not  from  any  lesion 
of  the  optic  nerve  or  the  retina,  but  possibly  from  a  lenticular  astig- 
matism due  to  the  same  cause  as  the  abnormal  hypermetropia.  The 
paralysis  of  accommodation  comes  on  rapidly,  and  occasionally  sud- 
denly. It  lasts  for  weeks  or  months,  and  gradually  disappears. 
Most  cases  seem  to  occur  in  from  four  to  six  weeks  after  the  onset 
of  the  diphthcritis,  or  in  from  two  to  three  weeks  after  its  subsidence, 
and  the  great  majority  of  patients  have  been  young  subjects.  The 
lesion  is  observed  after  the  mildest  and  most  insignificant  attacks 
as  well  as  after  the  most  severe.     It  has  been  stated  that  retinal 
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hyperomia  is  present  in  some  instances,  but  the  vast  majority  of 
observers  have  found  the  fundus  perfectly  normal.  It  is  not  neces- 
sary to  have  the  pharynx  affected  in  order  to  induce  post-diphtheritic 
paralysis.  Diphtheritic  inflammation  elsewhere  is  equally  potent. 
Scheby-Buch  has  collected  cases  of  diphtheritic  inflammation  in  va- 
rious parts  of  the  body  which  were  followed  by  paralysis,  and  in 
which  no  pharyngeal  diphtheritis  was  present.  Spasm  of  accommo- 
dation has  also  been  observed  after  diphtheria  by  Adams  {Trans. 
Ophtk.  8oc.,  U.  K.,  Vol.  2,  p.  180),  but  it  did  not  come  on  till  nearly 
a  year  after  the  throat-affection.  The  external  ocular  muscles  may 
also  be  affected.  The  onset  is  stated  to  be  extremely  sudden,  and  the 
lesion  rarely  persists  long.  Ptosis  has  been  observed  occasionally, 
and  strabismus  pretty  frequently.  Paralysis  of  both  interni  or  both 
externi  has  been  recorded.  The  external  rectus  seems  peculiarly 
liable  to  be  affected.  Remak  {Centralbl.  f.  prakt.  Augenheilk.,  1886, 
p.  161)  found  abducens  paresis  in  ten  cases  out  of  one  hundred  post- 
diphtheritic ocular  lesions.  It  is  possible  that  the  phenomena  in  some 
of  the  cases  of  the  latter  group  may  be  accounted  for  by  spasm  of 
convergence.  Complete  ophtlialmoplegia  externa  has  also  been  ob- 
served. 

Garcia  del  Mazo  {Arch,  ds  Oft.,  Vol.  13,  p.  354,  1912)  records  the 
occurrence  of  retrobulbar  optic  neuritis  with  paresis  of  the  sixth 
cranial  pair  following  diphtheria  in  a  girl  of  nine  years.  Prompt  re- 
covery from  severe  diphtheria  followed  the  use  of  serum.  Early  pa- 
ralysis of  the  velum  palati  occurred.  Indistinct  vision  was  complained 
of  several  weeks  later.  The  visual  field  was  also  contracted.  Two 
weeks  later  both  externi  were  paralyzed.  Complete  recovery  fol- 
lowed. 

So  far  as  the  treatment  of  the  diphtheria  itself  is  concerned,  and, 
of  course,  the  eye  symptoms  are  involved  in  the  general  therapy, 
Croftan  (Wood's  System  of  Ophthalmic  Therapeutics)  remarks  that, 
provided  antitoxin  in  the  proper  dosage  is  given  sufficiently  early  in 
this  disease  complications  in  diphtheria  are  exceedingly  rare.  Many 
of  the  local  measures  that  formerly  occupied  so  important  a  place  in 
the  treatment  of  this  disorder  have,  therefore,  become  superfluous. 

The  injection  of  antitoxin  should  be  made  into  the  subcutaneous 
tissues,  not  into  the  muscles  or  the  fasciae,  nor  into  any  of  the  super- 
ficial cutaneous  veins.  The  best  locations  for  the  injections  are  the 
external  surfaces  of  the  thighs,  the  abdominal  parietes  and  the  upper 
pectoral  region.  A  proper  syringe,  sterilized  and  ready  for  use,  is 
nowadays  furnished  with  every  package  of  antitoxin.  If  necessary  an 
ordinary  Pravaz  syringe  can,  of  course,  be  employed  after  steriliza- 
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tioii.  Rigid  surgical  asepsis  of  the  field  of  the  injection  should  be 
practised. 

The  ordinary  dose  for  children  under  ten  years  is  five  hundred 
units  if  given  on  the  first  day ;  a  thousand  units  if  given  on  the  second 
day.  In  children  over  ten  years,  and  in  adults,  a  thousand  units 
should  be  given  at  once  and  if  the  symptoms  are  not  very  much  im- 
proved in  twenty-four  hours,  a  second  thousand  should  be  given  and, 
if  necessary,  a  third  thousand  at  the  expiration  of  another  twenty-four 
hours.  If  the  case  is  seen  in  an  advanced  stage,  i.  e.,  on  the  second  or 
.  third  day  of  the  disease,  or  if  signs  of  laryngeal  involvement  have 
made  their  appearance,  then  the  first  injection  of  a  thousand  units 
should  be  followed  in  six  to  twelve  hours,  according  to  the  reaction  of 
the  patient,  by  a  second  thousand  units  and  in  another  six  to  twelve 
hours  by  a  third  injection  of  a  thousand  units.  It  will  hardly  ever 
become  necessary  to  give  more  than  three  thousand  units,  for  after 
this  amount  of  antitoxin  has  been  injected  and  the  patient  fails  to 
show  marked  improvement,  further  doses  of  antitoxin  will  generally 
be  without  effect. 

It  has  been  claimed  that  antitoxin  may  cause  heart  failure,  paraly- 
sis, albuminuria,  nephritis  and  other  serious  complications.  It  is 
true  that  cardiac  failure  and  paralysis  occur  as  frequently  in  diph- 
theria cases  that  are  treated  with  serum  as  in  cases  that  are  allowed 
to  run  their  course  without  antitoxin  injections ;  in  fact,  some  statistics 
seem  to  show  that  more  cases  of  diphtheria  (that  survive!)  develop 
signs  of  heart  intoxication  when  treated  with  antitoxin  (See  p.  514, 
Vol.  1,  of  this  Encyclopedia)  than  without;  but  one  is  justified  in 
assuming  that  these  cases  would  have  died  had  they  not  received  the 
benefit  of  antitoxin  treatment ;  so  that  the  figures  revealed  by  these 
statistics  in  regard  to  the  occurrence  of  cardiac  complication  are 
exceedingly  misleading  and  in  no  sense  justify  the  conclusion  that 
serum  produced  flic  phenomena  about  the  heart  and  the  peripheral 
nervous  apparatus.  The  albuminuria,  renal  complications,  urticaria, 
arthritis,  etc.,  that  sometimes  follow  the  administration  of  antitoxin 
are  due  to  the  injection  of  large  quantities  of  a  foreign  serum  and  not 
of  the  antitoxin  itself;  this  is  borne  out  by  the  fact  that  nowadays 
when  small  quantities  of  a  more  concentrated  serum  are  used  in  i)lace 
of  the  large  quantities  of  a  dilute  serum  formerly  employed,  these 
sequelae,  notaljly  the  albuminuria  and  the  skin  eruptions,  are  ex- 
ceedingly rare.  There  is,  therefore,  no  compelling  reason  why  anti- 
toxin should  not  be  lihcfally  injected  in  any  case  of  (lijjlilhri'ia  tliat 
presents  itself. 

Other  medicines   in  the   ovcr-wliclinin^'   tiiiijon't \'    of   tlic   cases   are 
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not  only  supertluous  but  actually  harmful.  Antipyretics  especially 
are  as  a  rule  dangerous  to  the  heart.  In  some  European  clinics  inunc- 
tions of  mercury,  and  silver  salts  are  practised  with,  it  is  claimed,  good 
results.  The  reports  are  so  positive  and  sound  so  convincing  that  as 
an  adjuvant  to  the  antitoxin  treatment  or  as  a  substitute  in  case  the 
antitoxin  cannot  be  promptly  secured  these  inunctions  may  be  tried. 
From  15  to  30  grains  (1  to  2  gm.)  of  unguentum  hydragyri,  or  fifteen 
to  forty-five  grains  (1-3  gm.)  of  Crede  ointment  are  rubbed  into  the 
skin  in  different  parts  of  the  body  for  two  days;  on  the  third  and 
fourth  day  the  dose  of  the  ointment  is  increased  about  one-third.  In- 
unctions should  never  be  made  about  the  region  of  the  neck. 

An  important  paper  on  the  use  of  the  diphtheria  antitoxin  in  acute 
eye  diseases  is  that  of  E.  Janson  {Klin.  Monatshl.  f.  Augenh.,  May, 
1913).  This  paper  is  chiefly  directed  against  the  optimistic  estimate 
formed  by  Darier  and  others  of  the  French  school,  of  the  good  effects 
which  may  be  obtained  with  diphtheria  antitoxin  in  non-diphtheritic 
conditions  such  as  hypopyon  ulcer,  post-operative  infection,  etc.  The 
possibility  of  such  a  para.specific  action  is  not  to  be  rejected  without 
careful  examination.  Even  in  the  normal  serum  there  are  non- 
specific bactericidal  substances,  though  in  very  small  quantity.  Is  it 
possible  that  diphtheria  antitoxin  contains  such  bodies  in  quantity 
sufficient  to  have  an  appreciable  therapeutic  effect?  Or  is  it  possible 
that  it  acts  as  a  stimulant  to  the  leucocytes  and  so  aids  in  the  defence 
against  bacterial  invasion?  An  increase  in  the  opsonic  index  towards 
the  staphylococci  on  the  introduction  of  foreign  sera  has  been  de- 
scribed, and  moreover  some  substances  (peptone,  nuclein,  etc.)  have 
been  shown  to  act  as  leucocyte  stimulants,  thougli  it  has  never  been 
proved  that  any  of  them  has  the  least  practical  value  in  treatment. 
Darier 's  idea  seems  to  be  that  the  antitoxin  stimulates  all  parts  of 
the  body  to  throw  off  antibodies  so  that  almost  any  enemy  within  the 
organism  is  likely  to  meet  its  fate ;  an  idea  certainly  contrary  to  the 
trend  of  modern  opinion,  which  teaches  more  and  more  the  strictly 
specific  reaction  of  the  tissues  to  poisons  or  foreign  substances  of 
all  kinds. 

The  matter,  however,  is  one  which  should  not  be  left  to  the  uncertain 
decision  of  therapeutic  enthusiasts  or  pessimists.  Janson  has  put  it 
to  the  experimental  test  by  comparing  the  serological  reactions  of 
normal  rabbits  and  of  rabbits  previously  treated  with  diphtheria  anti- 
toxin. He  used  staphylococcus  and  pneumococcus  (the  organisms 
which  chiefly  come  into  the  question)  except  in  his  agglutination  ob- 
servations, in  which  the  B.  typhosus  and  paratyphosus  were  more 
convenient;  it  was  found  that  as  regards  agglutination,  complement 
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fixation  and  the  opsonic  index,  the  serum  of  the  treated  and  untreated 
animals  showed  no  appreciable  difference.  The  same  result  was  ob- 
tained on  feeding  animals  by  the  mouth  with  antitoxin.  He  found 
also  that  the  antitoxin  had  no  good  effect  in  experimentally  produced 
infections  of  the  cornea  or  anterior  part  of  the  eye. — ^^[  George  Coats, 
{Ophthal.  Review,  Sept.,  1913.)] 

Diplantidian  telescope.  A  telescope  showing  two  co-axial  images,  and 
intended  for  stellar  transit  work. 

Dipleidoscope.  An  instrument  used  for  determining  the  meridian 
transit  of  a  celestial  body. 

Diplobacillary  conjunctivitis.  See  Conjunctivitis,  Morax-Axenfeld, 
p.  3121,  Vol.  IV  of  this  Encyclopedia. 

Diplobacillus.  The  various  infections,  as  well  as  their  bacterial  causes 
proper  to  this  caption,  are  fully  discussed  under  Bacteriology  of  the 
eye,  not  to  mention  Conjunctivitis,  Morax-Axenfeld  and  a  number 
of  other  headings.  It  may  be  added  here  that  the  importance  of  the 
Morax-xVxenfeld  diplobacillus  is  emphasized  by  Pusey  {Jour.  Amer. 
Med.  Assocn.,  July  28,  1906)  as  a  danger  to  the  cornea,  while  occa- 
sioning an  annoying  conjunctivitis.  Its  recognition  is  important,  as 
we  have  in  zinc  a  specific  remedy.  The  lesion  is  generally  a  chronic 
blepharo-conjunctivitis  and  the  germ  is  pathogenic  for  the  human  eye 
only.  It  varies  in  size,  but  is  usually  about  1  micron  wide  and  2 
microns  long;  the  width  is  fairly  constant.  When  grown  on  Loeffler's 
blood  serum  there  is  much  greater  variation  than  when  they  are  taken 
fresh  from  the  conjunctiva.  The  bacilli  usually  occur  in  pairs,  end 
on,  whether  found  in  secretion  or  culture,  the  ends  of  the  bacilli  being 
slightly  rounded.  Frequently  pairs,  dividing  into  four,  as  indicated 
by  constrictions  forming  in  the  middle  of  each,  are  met  with.  Short 
chains  are  also  found,  particularly  in  cultures.  The  bacilli  stain  with 
all  ordinary  dyes  and  are  negative  to  Gram.  There  is  very  little  con- 
junctival secretion  in  a  sac  infected  with  this  germ,  but  usually  a 
deposit  may  be  found  on  the  caruncle.  The  diplobacillus  can  be 
grown  only  at  blood  temperature  and  on  media  containing  human 
body  fluids.  The  serum  supplied  by  the  city  Boards  of  Health  for 
diphtheria  cultul-es  is  an  excellent  medium.  This  is  liquefied  in  from 
sixteen  to  twenty-four  hours,  forming  holes,  the  bases  of  which  are 
moist  and  without  color.  After  a  while  these  holes  become  bigger 
and  may  coalesce.  The  bacillus  of  Petit  is  the  only  other  germ  wliicli 
can  be  mistaken  for  that  of  Morax  and  Axenfeld.  It  liquefies  gelatin 
and  grows  on  all  media. 

Coats,  in  his  rcjvicw  of  tlie  work  of  Tschistjakoff   {Klin.  Monatsbl. 
f.  Augcn.,  p.  537,  1911),  remarks  that  it  has  been  known  for  a  consid- 
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erable  time  that  the  Morax-Axeiifekl  diplobacilhis,  and  its  near 
relation  the  diplo-bacillus  liquefaciens  of  Petit,  are  capable  of  attack- 
ing not  only  the  conjunctiva,  but  also  the  cornea.  Rymowitseh,  Rup- 
precht  and  Macnab  produced  iritis  by  the  introduction  of  cultures 
within  the  globe,  but  Tschistjakoff  objects  to  these  experiments  in 
that  large  quantities  of  the  organism  were  introduced,  so  that  the  con- 
ditions little  resembled  those  of  a  natural  infection.  By  the  introduc- 
tion of  small  quantities  into  the  anterior  chamber  he  found  that  a 
mild  iritis  was  produced  which  disappeared  in  three  to  four  days 
without  treatment;  in  the  case  of  the  B.  liquefaciens  the  iritis  was 
rather  more  severe,  and  in  one  case  it  recurred.  Experimental  in- 
fections of  the  vitreous  produced,  with  the  Morax-Axenfeld  bacillus  a 
slight,  simple  iritis,  with  Petit 's  organism  a  more  acute  plastic  iritis 
with  exudation  in  the  vitreous.  As  no  living  organisms  could  be 
found  within  the  eye  after  two  or  three  days  it  seems  probable  that 
the  diplo-bacillus  is  not  able  to  effect  a  lodgment  when  accidentally 
introduced,  and  this  statement  is  confirmed  by  the  experience  of  the 
Freiburg  Clinic,  which  goes  to  show  that  when  panophthalmitis  fol- 
lows a  diplo-bacillary  ulcer — a  rare  occurrence — it  is  usually  due  to  a 
mixed  infection,  not  to  the  penetration  of  the  diplo-bacillus  itself. 
It  should  be  remembered,  however,  that  all  animal  experiments  with 
the  diplo-bacillus  suffer  from  the  disadvantage  that  the  organism  is 
not  pathogenic  in  the  animal  conjunctiva. 

Diplobacillus  liquefaciens.  A  bacillus  discovered  by  Petit.  See  Bac- 
teriology of  the  eye. 

Diplochromatism.    See  Dichroism. 

Diplococcus.  (L.)  A  coccus  consisting  of  two  sharply-defined  granules 
linked  together,  resulting  from  segmentation  by  median  constric- 
tion.   See  Bacteriology  of  the  eye. 

Diplococcus  albicans  tardissimus.  A  rare  organism  discovered  by 
Bumm,  said  in  a  few  instances  to  have  infected  the  eye. 

Diplococcus  citreus  conglomeratus.  (L.)  This  is  one  of  the  numerous 
bacteria  that  are  occasionally  found  as  accidental  inhabitants  of 
the  conjunctival  sac  and  lid  edges.  It  is  an  aerobic  bacterium.  An 
artificial  infection  of  the  cornea  shows  a  rather  acute,  gray  infiltra- 
tion that  disappears  in  a  few  days. 

Diplococcus  fiuorescens  foetidus.  (L.)  This  coccus  is  not  pathologic, 
although  it  is  sometimes  found  in  the  secretions  of  the  conjunctiva. 
It  is  a  more  frequent  visitor  to  the  nasal  cavities. 

Diplococcus  g-onorrhese.  The  gonococcus  of  Neisser.  See  Vol.  II,  p. 
763  of  this  Encyclopedia. 
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Diplococcus  intracellularis  mening-itidis.  Meningococcus.  Undoubt- 
edly this  micro-organism  is  responsible  for  some  cases  of  purulent 
conjunctivitis,  and  Stejjhenson  urges  an  examination  of  pus  from  the 
eye  for  the  detection  of  it.  In  addition  to  the  account  given  else- 
where it  may  be  added  that  Pagenstecher  and  Wissmann  {Klin. 
Monatshl.  f.  Aiigenheilk.,  April,  1911,  p.  468)  report  a  case  of  pan- 
ophthalmitis of  metastatic  origin  in  a  chiki,  21^^  years  old.  The  patient 
had  developed  several  attacks  of  rigidity  and  opisthotonos.  From 
the  vitreous  they  were  able  to  isolate  a  Gram-negative  diplococcus, 
which  was  very  similar  culturally  to,  but  not  identical  with,  the  diplo- 
coccus meningitidis  intracellularis. 

Recently  an  antitoxin  has  been  prepared  (Parke-Davis  Manual, 
1914,  p.  34)  for  the  infections  of  the  diplococcus  intracellularis. 
This  serum  is  obtained  from  the  blood  of  horses  immunized  against 
endotoxin  and  cultures  of  a  number  of  strains  of  diplococcus  intra- 
cellularis meningitidis.  In  addition  to  the  tests  employed  for  de- 
termining its  potency,  rigid  bacteriologic  and  physiologic  tests  are 
employed  to  establish  its  safety. 

This  serum  is  especially  intended  for  the  treatment  of  cerebro- 
spinal meningitis  produced  by  the  diplococcus  intracellularis  menin- 
gitidis. As  much  depends  on  an  early  diagnosis  and  administration 
of  the  serum,  it  is  quite  imperatve  that  when  the  first  lumbar  punc- 
ture is  made  for  securing  the  spinal  fluid  for  bacteriological  examina- 
tion the  serum  should  be  administered  at  once ;  it  is  not  advisable  to 
await  the  result  of  microscopic  examination.  It  has  been  observed 
clinically  that  in  the  presence  of  the  diplococcus  intracellularis 
meningitidis  the  spinal  fluid  is  more  turbid  than  in  other  types  of 
infection. 

The  dose  usually  administered  to  young  children  is  15  cc,  while  for 
an  adult  or  in  malignant  cases  30  cc.  (two  syringefuls)  should  be 
injected  at  each  dose.  In  severe  and  fulminant  cases  a  dose  of  45  cc. 
should  be  injected  if  indications  to  the  contrary  do  not  exist.  The 
amount  of  serum  injected  sliould  be  equal  in  volume  to  the  amount 
of  spinal  fluid  withdrawn.  Four  daily  injections  should  be  given, 
and  in  resistant  types  of  the  disea.se  it  will  l)e  found  necessary  to 
give  six,  eight,  or  even  more  injections. 

With  each  package  is  provided  a  special  needle  with  a  stylet.  This 
needle  affords  a  means  for  both  witlidrawing  the  cerebro-spinal  fluid 
and  injecting  the  serum.  The  operator  should  take  special  pains 
to  see  that  the  stylet  is  fitted  into  place  so  Ili;it  tiir  Ix-vcl  coi-responds 
to  that  of  the  needle-point  before  making  the  lumbar  puncture.  Rigid 
asepsis  is  essential  to  the  successful  use  of  the  serum,  therefore  the 
same  care  sliould  be  exercised  as  in  a  niajoi'  operation. 
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The  serum  is  supplied  in  15-cc.  syringe  containers,  two  in  a 
package,  with  the  special  needle  and  stylet,  and  two  rubber  con- 
nections for  the  needle.     See,  also,  Bacteriology  of  the  eye. 

Diplococciis  lanceolatus.    See  Bacteriology  of  the  eye. 

Diplococcus  pneumoniae.    See  Bacteriology  of  the  eye. 

Diplococcus  roseus.  (L.)  This  organism  is  an  atmospheric  bacterium 
and  not  pathologic.  It  is  occasionally  found  on  the  lid-edges  and 
in  the  conjunctival  sac. 

Diplocoque.     (F.)    Diplococcus. 

Diplocoria.  (L.)  That  condition  of  the  iris  in  which  there  are  two 
pupils. 

Diplometer.  This  is  an  instrument  described  by  Galezowski  {Eecueil 
d'Ophtalm.,  1893,  p.  111).  It  is  intended  for  the  measurement  in 
degrees  of  the  space  between  double  images  in  cases  of  paralysis 
of  the  eye-muscles.  It  is  meant  to  supplement  the  diplopia-table  of 
Hirschberg,  which  is  best  used  in  the  dark-room.  The  usefulness  of 
this  instrument  is  somewhat  impaired  by  the  fact  that  there  is  too 
little  extension  of  the  field  of  vision  to  be  tested,  and  by  the  impossi- 
bility of  controlling  the  eyes  of  the  patient. 

Diplometre.  (F.),  n.  An  instrument  for  measuring  the  distance  be- 
tween the  pupils. 

Diplopia.  DiPLOPY.  Double-vision,  or  the  seeing  of  two  images  o±  an 
object  at  the  same  time.  It  is  almost  always,  but  not  necessarily, 
binocular.  AVhen,  from  any  cause,  one  of  the  extra-ocular  muscles 
fails  to  act  in  association  with  its  physiologic  fellow  (associated  an- 
tagonist— von  Graefe)  of  the  other  eye,  disturbed  binocular  vision 
results,  varying  from  a  mere  confusion  or  blurring  of  the  outlines  of 
objects  to  actual  diplopia,  provided  that  binocular  vision  previously 
existed,  that  the  false  image  falls  upon  the  retina,  and  that  there  is  no 
associated  paralysis  of  the  palpebral  levator  muscle. 

Diplopia  results  from  the  fact  that  images  for  both  eyes  of  the  same 
external  object  fall  upon  dissimilar  points  of  the  two  retinfe,  and  are 
in  consequence  projected  to  different  parts  of  the  visual  field. 

Seheiner's  experiment,  which  was  used  by  its  author  to  prove  ac- 
commodation, shows  that  double  vision  can  he  had  with  one  eye 
alone.  The  experiment  is  as  follows :  Take  a  piece  of  cardboard,  and 
with  a  pin  make  several  holes  so  close  to  one  another  that  two  or 
more  will  occupy  a  space  of  less  diameter  than  the  pupil.  Now  place 
the  card  in  front  of  one  eye,  closing  the  other,  and  look  at  a  pin 
placed  at  the  reading  distance.  It  will  be  seen  properly,  only  some- 
what dimmed;  if  brought  nearer  or  (in  myopia)  placed  farther  from 
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the  eye,  it  will  be  seen  double.     Under  some  pathologic  conditions 
monocular  diplopia  occurs.— (J.  M.  B.) 

Pollock  {The  Lancet,  Aug.  8,  1908)  divides  all  cases  of  monocular 
diplopia  arising  from  optical  conditions  in  the  anterior  segment  of 
the  eyeball  into  two  groups — the  first  with  double  pupil,  and  the  sec- 
ond where  irregular  refraction  by  the  cornea  and  lens  produce  two 
or  more  images  on  the  retina.  The  first  group  includes  such  conditions 
as  a  band  passing  across  the  pupil,  whether  congenital  in  origin  or 
due  to  inflammatory  processes,  or  to  iridodialysis.  In  these  cases 
diplopia  only  occurs  if  the  object  was  out  of  focus  for  the  eye.    Among 


Diplopia  Test.      (Hess.) 

Diagram  obtained  with  red  glass  before  the  left  eye,  in  paralysis  of  left 
superior  oblique.  Showing  primary  deviation.  The  broken  lines  show  patient 's 
projection  of  the  solid  black  linos. 

the  second  group  ace  a  uutnbcr  of  varied  affections.     The  lens  when 

dislocated   so   tliat   tl Igc    j)asses   across  the   pupil    always   causes 

monocular  (lii)lopia.  Uotii  images  are  out  of  focus,  the  one  formed 
through  the  margin  of  the  lens  is  as  if  myopic,  while  the  other,  due 
to  the  aphakic  condition,  resembles  hypermetropia.  Irregular  corneal 
refraction,  from  old  superficial  ulceration,  occasionally  gives  rise 
to  diplopia,  but  generally  of  an  indefinite  character;  it  is  more  per- 
sistent than  some  of  the  other  forms.  That  due  to  irregular  lenticular 
astigmatism  is  comparatively  rare,  except  when  due  to  incipient 
cataract. 

The  question  of  the  possihility  of  the  7-etinal  origin  of  nioncx-ular 
diplopia   is   discussed.      (  (Histantin    reported    a    case    where    diplopia 
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occurred  due  to  detachment  of  the  retina,  the  entire  upper 
portion  of  which  was  applied  to  the  lower  half  of  the  retina,  the  latter 
still  being  in  situ  and  the  light  thus  affecting  two  portions  of  the 
retina  at  the  same  time.  Pollock's  case  was  that  of  a  woman  with 
double  choked  disc.  She  had  diplopia  in  one  eye  during  the  early 
stage  of  regression  of  the  edema,  and  he  advanced  the  theory  that 
the  diplopia  was  due  to  a  shrinkage  of  the  retina,  which  caused  slight 
wrinkling  of  the  layer  of  rods  and  cones  at  the  mucula.  Light  con- 
verging to  a  focus  would  then  affect  two  neighboring  regions  and  so 
produce  the  diplopia. 


Diplopia  Test.      (Hess.) 

Diagram  obtained  with  red  glass  before  the  right  eye  in  paralysis  of  left 
superior  oblique.  Secondary  deviation.  Broken  lines  show  patient's  projection 
of  solid  black  lines. 


Wolfflin  {Arch,  of  Ophth.,  Vol.  41,  p.  496,  1911)  classifies  monocular 
diplopia  as  follows:  First,  those  without  physical  basis,  as  a  pseudo 
fovea.  Second,  cases  with  a  physical  basis,  (a)  as  in  Scheiner's  test, 
e.  g.,  traumatic  iridodialysis ;  (b)  regular  or  irregular  astigmatism  of 
cornea  or  lens,  this  is  the  most  common  form;  (c)  asthenopia,  due 
probably  to  accommodative  changes,  the  diplopia  persists  only  a  few 
hours;  (d)  hysteria;  (e)  cerebral  trauma,  or  trauma  altering  the 
centering  of  the  lens;  (f)  diplopia  which  occurs  in  normal  eyes  as 
the  result  of  double  reflection  at  the  cornea,  or  decentration  of  the 
media. 

For  the  study  of  diplopia  Iless  draws  four  wide  green  lines,  making 
a  rectangle  upon  a  blackboard ;  the  examiner  moves  a  red  mark  at  the 
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end  of  a  rod  over  the  board  crossing  the  lines.  (See  the  figures.) 
The  patient  is  provided  with  a  red  glass  before  one  eye  and  a  green 
one  before  the  other,  the  effect  of  which  is  to  extinguish  each  comple- 

•  mentary  color.  He  is  then  asked  to  follow  the  red  mark  as  it  moves 
across  the  board,  and  to  indicate  when  it  crosses  one  of  the  green 
lines.  A  pair  of  eyes  with  normal  projection  will  perceive  the  mark 
and  the  lines  in  their  true  positions.  An  individual  with  diplopia  will 
see  the  red  mark  displaced  in  relation  to  the  line  when  the  former 
passes  over  the  latter ;  on  the  other  hand  the  red  mark  will  appear  to 
be  upon  the  line  when  such  is  not  the  case ;  the  angular  distance 
between  the  mark  and  line  will  equal  the  angle  of  deviation  of  the 
faulty  visual  lines.  Control  observation  can  be  made  by  interchang- 
ing the  red  and  green  glass,  when  a  corresponding  field  will  be  ob- 
tained under  these  conditions.  A  chart  of  such  fields  can  be  readily 
prepared  for  permanent  reference. 

See,  also,  Examination  of  the  eye;  as  w^ell  as  Muscles,  Ocular. 

Diplopia,  Crossed.  In  binocuhir  double  vision  the  false  image  is  always 
in  inverse  relation  to  the  direction  and  position  of  the  eye  with  the 
paralyzed  muscle.  Consequently,  in,  for  example,  a  temporal  (ex- 
ternal) deviation  the  false  image  is  nasal  (internal)  ;  therefore 
divergent  strabismus  is  characterized  by  crossed  diplopia. 

Diplopia,  Direct.     Homonymous  diplopia. 

Diplopia  incrociata.     (It.)     Crossed  diplopia. 

Diplopia  larvata.     (It.)     iMasked  diplopia. 

Diplopia  omonima.     (It.)     Homonymous  diplopia. 

Diplopia,  Paradoxical.  This  is  a  term  applied  by  von  Graefe  to  persons 
affected  with  convergent  strabismus.  Tscherning  (Physiologic  Optics, 
p.  334)  says  that  in  patients  upon  whom  he  had  performed  a  tenotomy 
which  partly  corrected  the  defect,  he  found  crossed  diplopia,  although 
the  visual  lines  were  still  convergent,  and  the  patients,  according 
to  the  ordinary  rule,  should  have  a  homonymous  diplopia.  Javal 
was  the  first  to  study  this  phenomenon  on  patients  not  operated  on. 
The  explanation  of  this  fact  is  that  there  is  developed  what  has  been 
improperly  named  a  "vicarious"  fovea.  The  patient  has  first  culti- 
vated the  ha])it  of  suppressing  tlie  image  of  the  strabismic  eye;  tlien 
there  is  gradually  formed  an  idea  of  the  false  position  of  the  .stra])is- 
mic  eye;  he  has  learned  that  an  object  which  forms  its  image  on  the 
fovea  of  the  good  eye,  forms  its  image  at  a  point  inwards  from  the 
fovea  of  the  strabismic  eye,  and  he  has  learned  to  localize  this  imago 
at  the  place  where  the  objeet  to  which  it  l)elongs  is  situated.  If  we 
place  a  pri.sm,  apex  down,  in  fiont  of  the  good  eye,  the  patient  some- 
times says  that  he  sees  only  the  image  of  this  eye.  but  generally  we 
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succeed  in  making  him  see  also  the  image  of  the  strabismic  eye; 
patients  localize  it  almost  on  the  same  vertical  line  as  the  image  of  the 
good  eye,  instead  of  indicating  widely  separate  homonymous  images. 
But  the  localization  of  the  image  is  always  very  uncertain ;  the  patient 
sometimes  says  that  he  sees  both  images  well,  but  it  is  impossible 
to  tell  which  is  the  image  of  the  strabismic  eye. 

Diplopia,  Physiological.  Worth  {Squint,  p.  10)  suggests  a  practical 
illustration  of  this  phenomenon.  If  we  look  steadily  at  a  distant 
object,  and  hold  a  finger  about  eighteen  inches  in  front  of  the  eyes, 
the  finger  will  be  seen  double,  the  left  image  corresponding  to  the 
right  eye,  and  the  right  image  to  the  left  eye  (crossed  diplopia).  Now 
look  at  the  finger,  and  the  distant  object  will  appear  double,  the 
diplopia  this  time  being  homonymous.  This  ''physiological  diplopia" 
must  be  constantly  present,  in  looking  about  a  room  for  example,  yet 
we  are  not  ordinarily  conscious  of  seeing  double.  This  customary 
freedom  from  diplopia  is  lirought  about,  not  by  mental  suppression 
of  one  of  the  images,  but  by  the  marvelous  elasticity  of  the  fusion 
faculty.  Both  sets  of  impressions  reach  the  brain,  and,  by  their 
combination,  assist  in  our  appreciation  of  the  third  dimension. 

Diplopia.    AiTected  with,  or  caused  by,  diplopia. 

Diplopie  croisee.     (F.)     Crossed  diplopia. 

Diplopia  homonyme.     (F.)     Homonymous  diplopia. 

Diplopie  larvee.     (F.)     Masked  diplopia. 

Diplopiometer.  An  instrument  for  measuring  the  degree  of  double 
vision. 

Diplopsis.     (L.)     An  obsolete  synonym  of  diplopia. 

Diplosal.  Double  salicylic  acid.  This  agent  is  the  salicylic  ether  of 
salicylic  acid,  known  commercially  (Merck)  under  the  name  of 
diplosal.     Its  chemical  formula  is  6h.C,,H,.C00.C«H,.C00H. 

This  formula  shows  that  diplosal  is  formed  by  the  combination  of 
two  molecules  of  salicylic  acid  with  elimination  of  one  molecule  of 
water.  The  compound  therefore  contains  more  salicylic  acid  than 
salicylic  acid  itself,  100  parts  of  diplosal  corresponding  to  107  parts 
of  .salicylic  acid.  Chemically  this  compound  may  be  regarded  as  a 
salol  (salicylate  of  phenol)  in  which  the  poisonous  phenol  is  replaced 
by  salicylic  acid,  or  as  an  acetylsalicylic  acid  in  which  salicylic  acid 
takes  the  place  of  the  inactive  acetic  acid. 

This  substance  exists  as  a  white  crystalline  powder,  which  is  devoid 
of  odor  and  taste;  its  melting-point  is  147°  C.  It  is  practically  in- 
soluble in  cold  water  and  dilute  acids ;  it  is  very  soluble,  on  the  other 
hand,  in  dilute  alkaline  solutions  and  is  gradually  decomposed  therein 
with  the  liberation  of  salicylic  acid. 
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Diplosal  has  proved  effective  in  acute  and  sub-acute  articular  rheu- 
matism, as  well  as  in  influenza,  neuralgias,  and  sciatica — facts  which 
were  anticipated  from  its  chemical  composition  and  physical  proper- 
ties. Where  profuse  perspiration  is  desired,  as  in  rheumatoid 
arthritis,  it  is  not  so  active  as  acetylsalicylic  acid,  which  has  a  decided 
sudorific  action.  On  the  other  hand,  the  fact  that  diplosal  does  not 
cause  profuse  perspiration  offers  an  advantage  in  the  treatment  of 
patients  already  in  a  weakened  condition. 

The  dose  is  from  5  to  15  grains,  to  be  administered  three  to  six 

times  daily ;   and  45   to  90   grains   is  the   most  effective   daily   dose, 

without  undue  risk  of  causing  disagreeable  toxic  symptoms. 

Diploscope.    To  an  instrument  intended  as  a  test  for  binocular  vision, 

Kemy  of  Dijon   {Becueil  d'Ophtalm.,  1901;  Bulletins  de  la  Soc.  frs. 
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d'Ophtalm.,  No.  29,  p.  9,  1911,  and  several  other  papers)  has  given 
this  name.  Hishop  Harmon  furnishes  a  complete  account  of  it  in  the 
Ophthalmic  Review,  Jan.,  1909,  which  is  here  abstracted  in  connection 
with  the  accompanying  figure. 

By  means  of  the  instruincnt  the  inventor  chiims  to  o])tain : — 1.  A 
perfect  test  for  pure  ])inoeular  vision.  2.  A  certain  means  of  detecting 
malingering.  8.  A  delicate  and  scientific  means  of  detecting  tlie  pres- 
ence of  and  estimating  tlie  variety  and  (juantity  of  a  .squint  hiteiit  or 
manifest.  4.  A  means  of  training  and  restoring  the  vision  of  a  squint- 
ing eye  wliidi   lias  (Icrlincd    tVoin  disuse. 

Vol.  VI— 2 
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The  principle  of  the  diploscope  is  that  of  the  well-known  bar- 
reading  test  (q.  V.)  of  Javal.  Remy  puts  a  broad  bar  at  the  bottom 
of  a  tube,  the  sul)ject  looks  into  the  tube  and  through  the  spaces  on 
either  side  of  the  bar  at  certain  test  letters.  In  Remy 's  finished  instru- 
ment the  spaces  are  round  holes  of  which  six  are  provided,  but  since 
only  two  are  used  at  one  observation  the  other  four  may  be  neglected. 

From  a  description  the  reader  should  be  able  to  set  np  an  improvised 
instrument,  and  with  that  he  will  be  able  to  test  its  value.  Take  a 
piece  of  white  card  25x10  cm.,  mark  thereon  four  letters,  say  KOLA, 
each  3  cm.  square  and  separated  from  each  other  centre  from  centre 
by  6  cm. ;  take  a  disc  of  black  card  10  cm.  in  diameter,  cut  out  of  it 
two  holes  each  22  mm.  in  diameter,  and  separated  centre  from  centre 
by  6  cm.    Now  fix  the  test  card  so  as  to  stand  up  perpendicular  to 


Eemy's  Double  Prism   for  His  Diploscope. 

the  end  of  a  stick  120  cm.  in  length ;  at  a  point  60  cm.  from  the  test 
fix  a  short  post  perpendicular  to  the  stick  and  on  it  pin  the  black 
disc  with  the  two  holes ;  turn  the  disc  so  that  the  holes  are  side  by  side. 

If  the  experimenter  will  put  the  free  end  of  the  stick  against  his 
nose  and  look  along  the  stick  it  is  evident  he  can  only  see  the  letters 
on  the  test  card  through  the  holes  in  the  disc.  If  he  will  look  at  the 
letters,  and  he  has  normal  binocular  vision,  he  will  see  each  letter  in 
its  proper  order,  KOLA,  and  each  framed  by  an  image  of  a  hole  in  the 
disc — he  will  see  four  holes  and  four  letters.  Now,  on  covering  one 
or  other  eye  he  will  find,  that  he  sees  the  first  and  third  letter  of  the 
test  with  his  left  eye,  and  the  second  and  fourth  with  his  right  eye. 
That,  Remy  believes,  is  the  best  test  for  binocular  vision. 

If  the  experimenter  continues  to  watch  the  letters  his  eye-muscles 
will  probably  get  fatigued ;  if  his  eyes  diverge  he  will  notice  the  two 
central  holes  approach  each  other,  then  fuse,  and  their  letters  0  and 
L  will  be  superposed  or  one  will  be  suppressed;  with  still  greater 
divergence  the  letters  will  be  transposed,  and  appear  as  KLOA.  On 
the  other  hand,  should  his  eyes  converge,  or  convergence  be  produced 
by  a  prism,  the  letters  will  be  transposed  and  read  as  OKAL ;  or  if 
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extreme  convergence  can  be  obtained  with  perception  of  the  letters, 
then  they  will  be  read  in  the  order  OAKL. 

Lateral  deviation  can  be  demonstrated  in  another  way.  Replace 
the  four-letter  test  on  the  model  by  a  card  bearing  two  of  the  same 
sized  letters,  but  one  above  the  other  and  102  mm.  from  centre  to 
centre.     Turn  the  disc  round  so  that  the  holes  take  the  positions  of 


Mil 


Modified  Diploscope  of  Eemy. 

This  device  is  periiianently  arranired  on  a  staTidard  instead  of  the  original  hand 
instrument. 

XI  and  V  on  the  clock  face.  Now  look  at  the  letters  tbrougli  the 
holes:  if  they  are  erect  one  al)ov('  tlic  otlicr  there  is  no  lateral  diplopia; 
if  they  incline  so  as  to  be  i);irancl  to  the  holes  tlien  tliere  is  con- 
vergence; if  they  itutliiic  so  as  to  ))(•  pci'pciidictiUir  to  the  holes  tlien 
there  is  divergence.    Tlic  dcmoiistT-alioii  with  two  Ictlrrs  is  very  good. 

As  to  the  utility  of  tin-  inst  nnncnt,  llar-iiiaii  Ixdicvcs  lln'Cc  are  cer- 
tain (lifficullies  thai  appear  to  invalidate  some  of  the  elainis  |)ut  for- 
ward for  it.  For  example,  to  many  it  is  not  easy  to  follow  the  direc- 
tion to  look  through  the  holes  in  the  bottom  of  the  tube,  even  tliough 
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they  have  perfect  binocular  vision,  for  they  tend  to  look  at  the  tube 
and  so  converge.     Others,  particularly  those  who  can  with  facility 


Bourdeaux  's  Diploscope. 

stereoscope  prepared  pictures  without  the  aid  of  prisms,  tend  to 
stereoscoj^e  the  two  holes  and  diverge  in  so  doing.  For  these  reasons 
the  test  is  not  a  certain  trap  for  malingerers,  if  a  man  looks  at  the 
tube  he  may  honestly  assert  he  sees  no  letters  clearly. 
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For  estimating  with  certainty  the  presence  and  degree  of  latent 
squint  it  cannot  touch  the  jMaddox  rod  test  and  the  tangent  scale. 
For  the  purposes  of  exercising  the  weakened  vision  of  a  squinting 
eye  it  cannot  compare  with  the  adjustable  stereoscopes  of  Priestley 
Smith,  or  of  AVorth,  and  the  numerous  pretty  and  interesting  pictures 
belonging  to  them,  which  go  far  to  attract  the  children  for  whom  alone 
these  exercises  are  necessary. 

Later  Remy  used  a  double  prism  (see  figure),  for  the  production  of 
diplopia,  mounted  and  provided  with  a  handle,  and  operated  some- 
what like  the  Risley  prism. 

Bjerke  {ArcJi.  d'Opht.,  p.  764,  1909)  has  further  modified  Remy's 
diploseope  (which  the  inventor  himself  had  previously  varied  by 
increasing  to  eight  the  number  of  openings  for  the  detection  of 
malingerers)  by  using  a  larger  screen  upon  which  is  placed  an  arrow 
and  a  scale  somewhat  like  the  method  suggested  by  Maddox.  He 
uses  three  diaphragms  for  the  instrument;  one  with  two  openings, 
30  mm.  apart ;  one  with  openings  60  mm.  apart ;  and  a  third  with  a 
circular  opening,  and  a  larger  window,  which  can  be  partially  closed 
by  sliding  shutters,  changing  the  height  of  the  opening.  Bjerke  also 
demonstrates  the  mathematical  relation  between  the  various  positions 
of  the  openings  and  the  apparent  positions  of  objects  seen  through 
them. 

Diploseope,  Bourdeaux's.  Although  based  on  the  instrument  of  Remy 
yet  it  possesses  sufficient  additional  advantages  and  improvements 
to  require  a  separate  notice.  One  of  its  uses  is  in  the  exercise  of 
binocular  vision  like  the  AVorth  amblyoscope  (q.  v.).  The  illustra- 
tion shows  the  differences  between  this  form  of  the  diploseope  and 
the  original  device. 

Dipper.  A  holder  for  lowering  a  photograi^hic  or  other  plate  into  a 
vertical  bath. 

Dipping-.  As  the  Editor  {Toxic  Amhhjopias,  1892)  pointed  out,  ''dip- 
ping"' (the  habit  of  ru])hing  snuff  upon  the  gums  with  a  brush  or 
carrying  it  to  the  inoutli  upon  a  chewed  stick  previously  dipped  in 
snuff)  is  mostly  confined  to  the  female  sex  and  is  said  to  be  prev- 
alent in  the  southern  states.  It  is  i)robably  not  a  frecjuent  cause 
of  toxic  amblyopia.  A  few  cases  are,  however,  on  record.  Among 
them  is  an  interesting  instance  given  by  Blitz  {Journ.  Amcr.  Med. 
Assocn.,  Feb.  15,  1890).  The  patient,  a  woman,  thirty-five  years  old, 
from  the  Tennessee  mountains,  became  so  blind  that  slic  could  barely 
distinguish  light  from  darkness.  She  "dipped"  a  large  (luantity 
of  snuff  daily,  but  on  desisting  from  the  practice  and  undergoing 
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treatment,  vision  was  entirely  restored  in  six  weeks.  See  Toxic 
amblyopia. 

Diprismatic.     Doubly  prismatic. 

Diprosopia.    See  Diprosopus. 

Diprosopos.  Dipkusopls.  in  ichtliyoloyy,  having  two  eyes  on  one  side 
of  the  head.  Diprosopa,  a  family  of  iishes  having  two  eyes  on  one 
side  of  the  head. 

Diprosopus.  Diprosopos.  A  monster  characterized  by  a  duplicity  of 
the  face  and  head,  frequently  associated  with  hydrocephalus,  acrania, 
defective  development  of  the  brain,  and  spina  bifida.  The  diprosopi 
have  been  classified  as  follows:  (1)  Diprosopus  diophthalmiis.  (2) 
Diprosopus  distornus.  Fisher  has  described  the  first  case  of  diprosopus 
diophthalmus,  or  distornus,  reported  in  English.  There  was  anen- 
cephalus,  a  broad  duplex  nose,  two  mouths,  one  oral  cavity,  two 
tongues.  (3)  Diprosopus  triophthalmtis.  In  this  variety  there  are 
three  eyes,  often  with  other  deformities  of  the  face  and  head,  such 
as  acrania,  hare-lip,  and  cleft-palate.  (4)  Diprosopus  tetrophtJialmus. 
In  this  variety  the  differentiation  of  the  two  faces  is  further  ad- 
vanced, but  there  are  still  but  two  ears.  There  are  present  four 
eyes.  (5)  Diprosopus  triotus.  In  this  variety  there  are  usually  four 
eyes  and  always  three  ears.  (6)  Diprosopus  tetrotus.  In  this  va- 
riety, the  intermediate  stage  between  diprosopus  and  dicephalus, 
there  are  four  eyes  and  four  ears,  with  considerable  duplicity  in  the 
cervical  region.  This  is  an  extremely  rare  condition  in  the  human 
race. —  (Gould.) 

Dip-sector.     A  form  of  sextant. 

Diptam.  Dittany.  Dictamnus  albus.  This  plant  is  one  of  the 
constituents  of  absinthe,  and  as  such  may  be  responsible  for  some  of 
the  (rare)  eye-symptoms  produced  by  that  noxious  drink.  See  p.  40, 
Vol.  1,  of  this  Encyclopedia. 

Diptera.  These  are  two-winged  insects,  or  flies,  having  two  membran- 
ous wings  with  radiating  nervures,  not  folded  at  rest.  The  order  is 
a  very  large  one :  there  are  said  to  be  9,000  European  species  alone, 
supposed  to  be  not  a  twentieth  part  of  the  whole  number.  About 
4,000  are  described  as  North  American.  A  few  are  useful  scavengers, 
but  many  are  injurious  insects,  and  some  are  great  pests.  Gnats, 
mosquitos,  gad-flies,  blow-flies,  bot-flies,  tzetzes,  etc.,  belong  to  this 
order.  It  is  variously  subdivided,  one  division  being  into  four  sub- 
orders: the  Pupipara,  which  are  parasitic,  and  developed  in  the  body 
of  the  parent,  as  the  bee-lice ;  the  Brachycera,  or  ordinary  flies ;  the 
Nemocera,  or  crane-flies,  gnats,  midges,  mosquitos,  etc. ;  the  wingless 
Aphaniptera,  or  fleas,  which  are  oftener  ranked  as  a  distinct  order. 
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Another  division  is  into  the  snhorders  OrUiufJuipJia  and  Cyclovliapha, 
according  to  tlie  character  of  the  metamorphosis :  the  former  with 
two  sections,  ycmntoccra  and  Bracliyti  ra;  the  hitter  with  also  two 
sections,  Asahiza  and  S^chizopkora. — (Century  Dictioiiary.) 

A  number  of  these  animals  and  their  larvas  are  human  parasites 
and  are  known  to  attack  various  parts  of  the  ocular  apparatus. 

Thomas  and  Parsons  {Trans.  OpJi.  iSoc.  Un.  Kgdom.,  p.  14,  1909) 
have  reported  a  case  of  dipterous  larva  in  the  anterior  chamber.  The 
patient  was  a  boy  aged  2%,  first  seen  on  March  18,  1908.  There 
had  been  a  history  of  some  vague  trouble  in  the  left  eye  for  several 
weeks,  but  it  became  definitely  red  and  painful  three  weeks  before 
coming  under  observation.  There  was  no  history  of  injury,  nor  any 
discharge  from  the  eyes  or  nostrils,  neither  had  the  child  suffered 
from  any  illness.  A  thorough  examination  under  an  anesthetic  showed 
some  slight  ciliary  injection,  cornea  perfectly  clear,  anterior  chamber 
slightly  deepened  and  the  aqueous  faintly  turbid.  The  iris  was  dis- 
colored and  its  texture  indistinct ;  the  pupil  was  irregular  and  par- 
tially occluded  witli  brown  lymph.  Lying  on  the  iris  was  a  small, 
round,  segmented  "worm,"  the  head  near  the  angle  of  the  anterior 
chamber  in  the  lower  and  outer  quadrant,  the  tail  disappearing  into 
the  angle  in  tlie  ui)per  and  imier  quadrant.  The  body,  curved  be- 
tween these  two  points,  measured  about  12  or  13  mm.  in  length  and 
about  2  ram.  in  thickness.  There  appeared  to  be  eight  clearly  de- 
fined segments,  not  quite  so  distinct  towards  the  tail;  and  on  mag- 
nification a  delicate  covering  of  connective  tissue  could  be  made;  out 
over  the  body  and  reflected  on  to  the  surface  of  the  iris.  No  move- 
ments were  observed. 

The  eye  was  enucleated,  and  microscopical  sections  were  pi'epared 
showing,  in  addition  to  the  presence  of  the  larva,  signs  of  infiammatory 
exudation  in  the  region  of  the  iris,  anterior  chamber,  and  Schlcmm's 
canal. 

The  sections  containing  the  head  of  the  larva  were  .submitted  to  Dr. 
Shipley,  of  Cam])ridge,  who  pronounced  it  to  be  the  maggot  of  either 
a  Blow  Fly  or  a  Sarcophaga  carnaria.  This  occurrence  of  a  dipterous 
larva  in  the  human  eye  api)ears  to  b((  unique,  whilst  veterinaiy  rec- 
ords contain  only  one  case  in  wliidi  the  larva  of  the  Hypoderma  was 
observed  in  and  removed  from  the  eye  of  a  horse. 

The  mod(!  of  entry  into  the  eye  is  purely  conjectural.  Both  the 
Pdow  Fly  and  the  Sarcophagidffi  deposit  their  eggs,  or  living  larva?,  in 
the  nostrils  and  conjunctival  sac,  in  purulent  conditions.  From  these 
places  the  lai'va;  miglit  work  their  way  through  tlu;  }iasal  duct  into 
the  lachrvnial  arterv  and  thciutc  l»v  wav  of  the  central  retinal  or  of  a 
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ciliary  vessel  into  the  eye.  On  the  other  hand,  the  more  direct  route 
from  the  conjunctival  sac  through  the  external  tissues  of  the  eyeball 
is  a  possibility-. 

Again  the  larva  may  have  been  an  immature  form  of  the  Hypoderma 
Uneator  of  the  ox,  when  its  presence  in  the  eye  is  more  easily  understood, 
since  these  larvie  normally  exist  in  the  subcutaneous  connective  tissue, 
whilst  its  recorded  presence  in  the  anterior  chamber  of  a  horse's  eye 
proves  its  capability  of  entering  that  organ. 

Major  R.  H.  Elliot  has  noted  the  fairly  frequent  occurrence  of 
' '  worms ' '  in  the  eyes  of  horses  in  Madras  and  the  crude  methods  used 
for  their  extraction.  The  parasites  were  usually  very  active,  moving 
in  the  anterior  chamber  with  great  rapidity  and  sometimes  passing 
into  the  posterior  chamber.  They  could  be  easily  removed  by  making 
a  keratome  incision  and  opening  it  by  pressing  on  its  lower  lip  when 
the  larva  was  seen  to  approach  its  vicinity. 

Diradiation.  The  emission  of  rays  of  light,  heat,  etc.,  from  a  heated 
body. 

Directblau.  (G.)  One  of  the  neutral  anilin  colors,  whose  ingestion  was 
at  one  time  thought  capable  of  producing  eye  symptoms. 

Directes  Sehen.     (G.)     Fixation;  vision  at  the  fovea. 

Direct  imag-e.  Erect  image.  This  is  the  image  of  the  fundus  ocuH 
as  seen  directly  with  the  ophthalmoscope,  the  details  of  the  fundus 
presenting  their  natural  relations.    See  Direct  method. 

Direction,  Visual.  Visible  direction.  Eelative  position  considered 
without  regard  to  linear  distance.  The  direction  of  a  point,  A,  from 
another  point.  B,  is  or  is  not  the  same  as  the  direction  of  a  point, 
C,  from  another  point,  D,  according  as  a  straight  line  drawn  from 
B  through  A  and  continued  to  infinity  would  or  would  not  cut  the 
celestial  sphere  at  the  same  point  as  a  straight  line  drawn  from  D 
through  C  and  also  continued  to  infinity.  Every  motion  of  a  point 
has  a  determinate  direction :  for  if  any  motion  from  any  instant  were 
to  lose  all  curvature,  it  would  tend  toward  a  determinate  point  of 
the  celestial  sphere,  which  would  define  its  direction  at  the  instant 
when  it  ceased  to  be  deflected.  It  is  inaccurate  to  say  that  a  line 
has  a  determinate  direction,  because  a  motion  along  that  line  has 
either  one  of  two  opposite  directions.  Yet  the  word  direction  is  some- 
times used  in  a  loose  sense  in  which,  opposite  directions  not  being 
distinguished,  the  direction  of  a  line  is  spoken  of,  meaning  the  pair 
of  opposite  directions. — (Centuri)  Dictionary.) 

For  a  discussion  of  the  laws  regulating  visible  direction,  see  the 
Ophihalmic  Record,  Vol.  VII,  p.  11,  1889,  and  the  same  periodical 
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and  volume,  pp.  381  and  o4:d,  containing  articles  by  G.  C.  Savage, 
Harold  Wilson  and  Carl  "Weiland. 
Direct  method.  Direct  ophthalmoscopy.  In  using  the  ophthalmoscope 
(q.  \.)  by  this  method  the  surgeon  places  his  eye  close  to  the  patient's 
eye  and  looks  directly  upon  the  much  enlarged  and  upright  details 
of  the  interior  of  the  observed  eye.  In  the  indirect  he  has  the  patient 
removed  an  arm's  length,  and  usually  a  convex  lens  is  placed  be- 
tween the  patient's  eye  and  the  examiner's  mirror.  The  image  ob- 
tained by  this  method  is  inverted  and  in  the  air.  As  the  direct 
method  gives  a  larger  magnification,  it  shows  a  smaller  part  of  the 
fundus  at  one  time:  it  is  valuable  for  the  stud\'  of  minute  changes 
and  for  the  practical  estimation  of  refraction.  By  the  indirect 
method  the  portions  seen  are  less  magnified,  and  hence  include  a 
larger  area.  This  plan  is  the  better  for  obtaining  a  general  idea  of 
the  condition  of  the  fundus  with  the  location  of  any  lesions.  Refrac- 
tion estimated  by  this  method  is  both  a  complicated  and  an  uncertain 
procedure. —  (J.  M.  B.) 
Director-forceps.  A  name  given  by  X,  Bishop  Harman  {Ophthalmo- 
scope, Vol.  XI,  p.  21,  1913)  to  a  forceps  de^^sed  by  him  for  making 
a  partial  tenotomy  of  an  ocular  muscle. 
Direct  reflex.  This  is  the  well-known  test  for  the  reaction  of  the  pupil 
to  light.  One  eye  is  completely  excluded,  while  the  gaze  of  the  other 
is  directed  towards  a  distant  object.  The  open  eye  is  then  shaded 
by  the  surgeon's  extended  hand,  when  its  pupil  will  become  con- 
siderably larger,  returning,  after  a  few  slight  oscillations,  to  its 
original  size  when  the  hand  is  removed- 
Direct  rotation.  Circular  motion  in  the  counter-clockwise  direction, 
i.  e.,  such  that  the  inside  of  the  circuit  always  lies  on  the  left-hand 
side. 
Directschwarz.     (G.)     One  of  the  neutral  analin  colors,  at  one  time 

thought  to  be  responsible  for  eye  sj-mptoms. 
Direct  smear.  This  is  a  useful  laboratory  device  hx  which  discharges, 
scrapings,  etc.,  from  diseased  surfaces  or  tissues  are  directly  and 
immediately  examined  on  a  slide  by  the  microscope.  For  example, 
S.  H.  Browning  {Oph.  Review,  April,  1912)  has  reported  the  results 
of  the  examination  of  1,000  cases  of  conjunctivitis  by  these  means, 
with  cultures  as  a  control  test.  The  method  indicates  the  amount  of 
reliance  to  be  placed  on  smear  preparations.  All  the  cases  were  ex- 
amined by  direct  smears  made  on  slides,  and  at  the  same  time  cultures 
were  made  on  suitable  media.  The  clinical  diagnosis  was  not  made 
in  many  of  the  cases  by  the  surgeon  until  the  bacteriologic  findings 
were  reported,  so  that  it  has  been  impossible  to  compare  the  clinical 
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diagnosis  with  the  organism  found  on  bacteriologic  investigation.  In 
the  eases  of  uleeration  of  the  eornea  whieh  are  ineluded  in  this  list, 
where  possible  the  smears  and  eultures  were  made  from  scrapings 
from  the  edge  of  the  ulcer.  It  is  suggested  that  cultivations  should 
always  be  made  where  possible,  as  this  is  absolutely  essential  for  the 
confirmation  of  the  presumptive  diagnosis  made  from  the  direct  smear. 

The  following  table  shows  the  percentage  of  cases  in  which  the 
organism  was  found  in  the  direct  smear  and  subsequently  confirmed 
by  culture : 

Presumptive 
Presumptive  diagnosis 

Organism.  diagnosis.  confirmed. 

Gonococcus    86.5  per  cent.         59.4  per  cent. 

B.  lacunatus   (Morax) 59.4  per  cent.         32.6  per  cent. 

B.  egypticus  (Koch- Weeks  bacillus)   86.0  per  cent.         41.2  per  cent. 

Pneumococcus   60.0  per  cent.         45.3  per  cent. 

B.  diphtheria?  61.5  per  cent.         61.5  per  cent. 

B.  pneumonige 20.0  per  cent.         20.0  per  cent. 

Streptococcus  longus 8.0  per  cent.  8.0  per  cent. 

In  making  the  direct  smears  the  following  was  the  technic  employed : 
The  lower  lid  was  everted  and  a  platinum  loop,  sterilized  by  heating  to 
redness  in  a  flame  and  allowed  to  cool,  was  drawn  across  the  fornix, 
gathering  up  any  beads  of  pus  or  mucus  present.  The  material  thus 
obtained  was  spread  on  glass  slides  in  a  fairly  thin  film.  Lumps  of 
pus  were  broken  up  with  the  loop  and  spread  evenly.  Whenever 
possible  two  slides  were  made,  and  one  stained  by  carbol  methylene 
blue  and  the  other  by  Gram's  method  counter-stained  with  neutral 
red.  If  very  little  exudate  could  be  obtained,  only  sufficient  for  one 
slide,  the  film  was  stained  by  methylene  blue. 

Morax- Axenfeld  diplo-bacillus,  Kocii- Weeks  bacillus,  pneumococcus, 
bacillus  xerosis,  gonococcus,  staphylocci  and  Friedlander 's  pneumo- 
bacillus  can  often  be  differentiated  at  once  by  the  microscopic  examina- 
tion alone.  It  is  often  difficult  or  impossible  to  differentiate  the 
streptococcus  from  the  pneumococcus,  and  probably  many  of  the 
organisms  in  the  eye  diagnosed  as  pneumococci  are  really  streptococci, 
the  crucial  test  being  animal  inoculation. 

In  some  cases,  notably  in  those  of  Koch-Weeks  infection,  the  .smears 
gave  more  useful  information,  as  regards  the  infecting  organism,  than 
the  culture.  This  result  is  partly  due  to  the  difficulty  of  growing 
Koch- Weeks  bacillus,  and  partly  to  the  antiseptics  so  often  used  in 
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the  eyes  of  the  patient  before  being  seen  by  the  bacteriologist,  the 
antiseptic  being  present  in  sufficient  concentration  to  inhibit  tlie 
growth  of  tile  organism  on  the  artificial  medium,  but  not  preventing 
its  increase  in  the  living  tissues  of  the  conjunctival  sac.  There  were 
very  few  cases  of  gonococcal  infection  in  which  tlie  diagnosis  could 
not  have  been  definitely  made  without  resort  to  cultivation.  In  some 
cases  the  finding  in  the  culture  was  different  to  that  in  the  direct  smear. 
This  may  have  been  due  to  errors  of  observation  or  interpretation  of 
the  microscopic  examination.  On  many  occasions  a  definite  diagnosis 
could  not  be  given  upon  examination  of  the  direct  smear,  and  some 
such  report  as  "a  Gram-positive  diploeoccus"  was  sent  out.  {Annals 
of  Oplithalmology,  p.  114,  Jan.,  1913.) 

Direct  vision.  Central  fixation.  The  perception  of  an  object  the 
image  of  wliich  falls  upon  the  macula. 

Direct  vision  spectroscope.  A  series  of  prisms  giving  dispersion  with 
a  minimum  of  deviation. 

Disassociation  of  the  eyes.  The  forced  employment  of  monocular 
vision  when  binocular  sight  is  possible.  For  instance,  instead  of 
bifocal  lenses  for  presbyopes  who  have  ametropia  Percy  Dunn 
{Ophthalmoscope,  February,  1908)  sometimes  prescribes  the  ametropic 
correction  for  one  eye  and  the  ametropic  correction  plus  the  presbyopic 
correction  for  the  other  eye.  The  patient  is  then  enabled  to  read  with 
one  eye  and  see  at  a  distance  with  the  other.  The  author  claims  that 
these  lenses  do  not  cause  discomfort  nor  confusion,  as  do  bifocals. 

However  useful  the  procedure  described  by  Dunn  may  be  in  Great 
Britain  the  Editor  is  convinced  that  it  will  not  do  for  Americans. 
When  it  is  impossible  or  extremely  difficult  to  bring  about  binocular 
vision  there  would  seem  to  be  an  excuse  for  tlie  use  of  one  eye  only 
for  distance  or  near  work,  but  the  disassociation  of  the  two  eyes  (in 
other  words,  the  demoralization  of  binocular  vision)  is  too  serious  a 
matter  to  permit  the  statement  made  in  this  article  to  pass  uncriticized. 
It  is  to  be  hoped  a  long  time  will  elapse  before  the  monocle  and  its 
congeners  become  fashionable  in  this  country. 

Disc.  See,  also,  Disk.  A  circular,  i)late-like  organ  or  l)0(]y.  This 
term  is  especially  applied  to  the  optic  pai)illa  of  the  eye,  oi-  cut  rniicc 
of  the  optic  nerve  into  the  eyeball.  Ifs  area  con-csponds,  in  tlic  litld 
of  vision,  with  the  blind  spot. 

Disc,  Benham's.  A  device  for  eliciting  certain  coloi*  phenomena.  One- 
half  of  the  disc  is  totally  black,  while  on  the  othci'  half  arc  arcs  of 
circles  of  varying  sizes.  If  the  tiisc  is  made  to  rotate  in  one  direction, 
the  arcs  form  concentric  circles  which  present  vivid  colors  in  the  fol- 
lowing order,  starting'  fi'om  ilic  inidillc  :  i'imI,  brown,  olive-green,  blue. 
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Rotating  the  disc  in  the  opposite  direction,  the  order  of  the  colors  is 
reversed.  The  nature  of  the  phenomena  is  not  yet  elucidated. — 
(C.  P.  S.) 

Dis chromatic.  Dichromatic.  Relating  to  ordinary  red  and  green  color- 
blindness. 

Dischromatopsia.  Dyschromatopsia.  Color-blindness,  in  which  all 
colors  are  seen  less  distinctly  than  normal;  leading  to  confusion  of 
near  shades  of  the  same  color.    See  Color-sense  and  color-blindness. 

Disciform.      Discoid.     Discoidal.     Resembling  a  disc  or  amiulus. 

Disciform  keratitis.  Disc-like  keratitis.  Occasionally,  in  the 
middle  layers  of  the  cornea,  a  grayish  opacity  in  the  form  of  a  disc 
develops.  The  superficial  layers  of  the  cornea  are  usually  not 
affected,  although  small  ulcers  may  appear.  Generally  a  permanent 
scar  remains.  Fuchs  advises  the  use  of  atropine  locally,  together 
with  the  internal  medication  of  any  general  disease.  Dionin  locally 
and  in  full  doses  will  also  be  found  of  use.  See,  also,  Keratitis 
disciformis. 

Discission.  Needling.  Incision  or  division  by  a  needle,  knife  or  other 
cutting  instrument,  of  the  lenticular  capsule  or  of  an  intraocular 
membrane.  It  is  generally  applied  to  operation  for  after-cataract. 
See  Vol.  I,  p.  113,  of  this  Encyclopedia.  It  is  used  in  connection  with 
incision  of  the  anterior  or  posterior  capsule  in  the  treatment  of 
juvenile  cataract  and  high  myopia  (q.  v.),  or  as  a  preliminary  to  the 
removal  of  senile  cataract.  See  Cataract,  Juvenile;  as  well  as  Arti- 
ficial ripening-  of  cataract,  in  Vol.  I,  p.  635,  of  this  Encyclopedia. 

Although  practiced  to  some  extent  by  the  ancients  as  an  aid  to 
depression  it  is,  however,  to  the  merit  of  modern  surgeons  that  the 
operation  of  discission  has  been  established  on  a  firm  basis  and  limited 
to  the  removal  of  soft  cataracts. 

Banister  states :  ' '  There  are  some  cataracts  which  scatter  and 
vanish  when  the  needle  is  applied  to  them,  because  they  are  not  hard 
and  solid  to  bear  the  needle,  which  goeth  through  them  as  it  would 
a  piece  of  cheese,  whereof,  they  are  commonly  called  '  cataracta  lactea, ' 
because  their  color  and  substance  resembles  milk.  That  the  chirurgeon 
may  meet  this  inconvenience,  he  must  labor  to  loose  it,  pressing  it 
with  his  needle  on  either  side,  for  by  this  means,  I  have  seen,  and  in 
the  end  the  party  hath  recovered  his  sight. ' ' 

The  same  fact  had  been  observed  by  other  surgeons  (Read,  Maitre- 
Jean)  in  the  early  part  of  the  eighteenth  century,  but  it  remained  for 
Percival  Pott  in  1775  to  make  use  of  an  experience  in  depression, 
viz. :  that  if  the  capsule  of  certain  cataracts  that  could  not  be  readily 
depressed  were  freely  lacerated,  they  would  be  absorbed  by  the  action 
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of  the  aqueous  humor.  He  was  the  first  to  lacerate  the  capsule  as  a 
distinct  method  of  removing  cataract  of  the  "mixed  kind."  He  did 
not  attempt  anything  further  in  the  way  of  depression,  but  allowed 
absorption  to  remove  the  lens.  He  says:  "I  have  sometimes,  when 
I  found  the  cataract  to  be  of  the  'mixed  kind'  not  attempted  depres- 
sion, but  have  contented  myself  with  a  free  laceration  of  the  capsule, 
and  having  turned  the  needle  round  and  round  between  my  finger 
and  thumb,  within  the  body  of  the  crystalline  lens,  have  left  all  the 
parts  in  their  natural  situation ;  in  which  cases,  I  have  hardly  ever 
known  them  fail  of  dissolving  so  entirely  as  not  to  leave  the  smallest 
vestige  of  cataract." 

Gleize  (1796)  in  attempting  depression  (owing  to  a  movement  of 
the  patient  having  lacerated  the  capsule)  had  to  withdraw  the  needle. 
He  found  that  the  lens  had  disappeared  on  the  twentieth  day.  He 
then  used  this  method  subsequently,  and  found  that  soft  cataracts 
disappeared. 

Conradi  had  a  similar  experience  except  that  in  extracting  a  lens 
he  had  made  the  corneal  section  and  punctured  the  capsule  with  a 
needle;  then  was  obliged  to  stop.  At  the  end  of  eight  to  twelve 
weeks,  the  pupil  was  clear.  He  operated  by  discission  on  a  woman 
of  seventy,  but  at  the  end  of  twenty  months,  no  change  had  taken 
place  in  the  lens.  From  these  experiences,  he  proposed  discission 
through  the  cornea  as  a  regular  procedure.  He  made  an  opening  in 
the  anterior  capsule  and  finally  limited  the  operation  to  soft  and 
fluid  cataracts. 

Buchhorn  called  the  procedure  keratonyxis. 

Langenbeck,  Beer  and  Jager,  Sr.,  tried  discission,  the  first  giving 
the  most  favorable  reports  of  the  method,  while  the  two  last  were 
very  unsuccessful.  There  is  no  evidence  to  show  that  any  dis- 
crimination was  made  by  any  of  these  three  surgeons  as  to  the  kind 
of  cataracts  to  which  they  applied  discission. 

Scarpa  confined  the  operation  to  milky,  soft  and  cheesy  cataracts. 
His  method  was  to  make  a  very  free  laceration  in  the  anterior  capsule 
and  then  to  cut  up  the  pulpy  mass  that  remained.  Contemporaneous 
with  Gleize,  Conradi,  Langenbeck,  Beer,  Jiiger  and  Buchhorn,  was 
Saunders,  who  believed  that  he  had  discovered  a  new  process  for  cur- 
ing cataracts  in  children,  namely,  discission. 

He  refers  to  his  procedure  for  curing  cataract  in  children  in  a 
letter  to  the  General  Committee  of  the  London  Infirmary  for  Curing 
Diseases  of  the  Eye,  in  1809.  In  a  previous  report  lie  stated  tlmt  he 
had  operated  successfully  on  fourteen  persons  born  blind,  one  of  whom 
was  only  two  months  old.     He  particularly  advocated  operating  or. 
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childrtMi  wlien  very  young,  so  as  to  prevent  the  development  of  un- 
steadiness of  the  eye.  His  new  procedure  consisted  in  freely  lacerat- 
ing the  anterior  capsule  within  the  area  of  the  pupil  and  then  gently 
sinking  the  needle  into  the  body  of  the  lens.  This  method  of  operating 
on  children  he  continued  until  his  death  in  his  thirty-seventh  year. 
He  had  intended  to  operate  on  hard  cataracts,  but  his  demise  prevented 
him  from  following  in  the  footsteps  of  all  his  predecessors  and  finding 
failure. 

If  any  one  surgeon  deserves  exceptional  mention  for  the  early 
development  of  discission,  that  honor  belongs  to  Pott.  Possibly  Con- 
radi  comes  next,  as  he  limited  the  operation  to  the  anterior  capsule. 
His  failure  to  extract  after  discission  led  to  the  disappearance  of  an 
opaque  lens.  The  experience  gained  in  this  instance,  and  a  failure  of 
discission  in  aged  patients,  led  him  to  confine  the  operation  to  the 
young.  Saunders  comes  next  in  order  as  he  firmly  believed  he  was 
the  first  to  discover  discission  for  the  curing  of  cataracts  in  children. 
He  started  out  right,  but  he  was  possessed  of  the  erroneous  idea  that 
all  cataracts  would  yield  to  the  new  process. 

Forms  of  cataract  amenable  to  treatment  by  discission.  Lenticular 
opacities  occurring  in  the  young,  whether  congenital  or  due  to  disease 
or  traumatism,  are  to  be  considered  as  soft  cataracts.  It  not  infre- 
quently happens  that  congenital  cataracts  of  young  persons  go  slowly 
on  to  absorption,  so  that  after  a  lapse  of  time,  the  pupil  may  be 
partially  clear,  or  a  thickened  capsule  with  little  or  no  lens  matter 
remains. 

In  passing,  it  may  be  pointed  out  that  the  traumatic  type  of  cat- 
aract disappears  much  more  quickly.  The  thickened  capsule  due  to 
cellular  proliferation  is  apt  to  have  calcareous  deposits  upon  it  and 
these  prevent  a  just  estimate  of  how  much  of  the  lens  remains.  This 
latter  class  really  belongs  to  the  type  of  secondary  cataract  and  cannot 
be  absorbed  as  a  result  of  needling.  These  calcareous  deposits  are 
frequently  the  source  of  trouble,  falling  at  the  time  of  operation  or 
subsequently,  into  the  anterior  chamber,  where  they  are  slowly  ab- 
sorbed. They  act  as  foreign  bodies  while  undergoing  absorption,  and 
at  times  set  up  an  irido-cyclitis  that  may  end  in  the  loss  of  the  eye. 

Extraction  instead  of  discission  in  certain  forms  of  soft  cataract. 
If  they  are  of  long  standing,  little  or  no  lens  matter  remains  with- 
in the  capsule,  especially  if  the  cataract  be  due  to  accidental  trau- 
matism, or  to  a  previous  needling.  An  ordinary  discission  is  of  little 
use  in  trying  to  obtain  a  clear  pupil. 

The  pupil  should  be  fully  dilated  and  a  linear  extraction  done  in 
the  following  manner :  The  incision  in  the  cornea  should  be  made  above, 
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about  2  to  4  mm.  from  the  limbiis,  large  enough  to  permit  the  exit 
of  the  calcareous  mass.  A  cj^stotome  must  then  be  passed  into  the 
anterior  chamber  and  the  periphery  of  the  anterior  capsule  freed  from 
the  thickened  membrane.  The  aqueous  humor,  if  it  has  escaped,  must 
be  replaced  by  a  normal  salt  solution.  Then  introduce  into  the  anterior 
chamber  a  closed  duck-bill  forceps,  which  must  be  opened  and  one 
blade  pushed  behind  the  mass  and  the  other  in  front;  the  calcareous 
mass  is  then  seized  and  extracted  from  the  eye. 

Another  method  is  to  insert  a  de  Wecker's  scissors  instead  of  the 
forceps;  cut  the  thickened  tissue  in  two  halves,  then  remove  them  by 
the  aid  of  forceps. 

In  young  subjects  the  sphincter  of  the  pupil  contracts  very  quickly 
on  the  escape  of  the  aqueous  humor.  In  order  to  avoid  the  necessity 
for  an  iridectomy,  push  the  calcareous  mass  downwards  until  the 
upper  edge  shows  free  of  the  pupil,  when  it  can  be  extracted  by  either 
of  the  above  methods.  When  small  pieces  of  the  calcareous  mass 
break  off  in  the  manipulation,  wash  them  out  with  a  saline  solution 
by  means  of  an  irrigator,  as  described  on  page  638,  Vol.  I,  of  this 
Encyclopedia'. 

WJiat  is  the  age  limii  of  discission  F  As -a  rule,  until  the  twenty- 
fifth  year  the  lens  is  susceptible  of  absorption  when  an  opening  is 
made  in  the  anterior  capsule,  permitting  the  aqueous  humor  to  come 
in  contact  with  the  lens  fibres.  The  nucleus  is  not  generally  hard 
enough  to  prevent  absorption  although  frequent  exceptions  are  found 
below  this  limit,  while,  occasionally,  the  lens  is  absorbed  by  discission 
up  to  the  thirty-fifth  year  and  even  later.  The  density  of  the  cortical 
layers  varies  considerably  even  in  young  subjects,  so  that  it  is  always 
a  safe  procedure  to  regard  the  first  discission  as  tentative  and  not  make 
a  large  capsular  wound,  nor  to  go  deeply  into  the  lens  substance. 

Some  surgeons  follow  von  Graef e  's  precept,  viz. : — to  make  an 
iridectomy  prior  to  a  discission.  This  is  totally  umiecessary  and 
inasmuch  as  discissions  are  done  for  the  al)Sorption  of  soft  cataracts  in 
young  persons,  the  cosmetic  effect  ought  to  be  considered  and  no 
mutilation  done  that  is  not  absolutely  necessary. 

A  discission  is  easy  to  perform  and  when  carefully  done  is  followed 
by  little,  if  any,  reaction.  In  the  case  of  infants  with  congenital 
cataract,  a  small  capsular  opening  is  quite  enough  to  caus(>  the  entire 
disappearance  of  tjic  lens  in  fi-oiii  tlircc  to  six  montlis.  Tn  the  type 
where  there  is  onl_\-  luiilijil  opacity  at  or  about  tlic  iTfifci-  of  llic  lens, 
more  than  one  needling  is  necessary. 

In  traumatic  cataract,  if  seen  soon  after  injui-y,   the   free   use   of 
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atropine  with  iee-cold  compresses  should  first  be  employed  to  prevent 
too  rapid  swelling  of  the  lens. 

From  the  eighteenth  to  the  twenty-fifth  year,  the  process  of  ab- 
sorption is  much  slower  in  all  forms  of  cataract  and  if  the  surgeon 
wishes  to  depend  on  discission  to  remove  the  cataract  he  should  proceed 
with  caution,  and  thereby  avoid  complications. 

A  second  needling  should  be  done  from  six  to  eight  weeks  after  the 
first,  if  the  process  of  absorption  has  apparently  come  to  a  stand- 
still. The  inclination  of  most  operators  is  to  hasten  matters  and  con- 
sequently do  too  much.  In  this  regard,  possibly  the  importunities  of 
older  patients  form  an  important  factor.  However,  the  question  of 
time  with  children  is  of  little  importance ;  so  that  there  is  no  excuse 
for  hastening  the  process  by  numerous  or  extensive  needlings. 

At  the  same  time,  the  procedure  that  entails  the  least  risk  is  the 
one  that  should  be  chosen  in  all  cases.  Possibly  an  experienced  sur- 
geon, who  has  his  patient  under  full  control  in  a  thoroughly  equipped 
eye  hospital,  with  trained  assistants,  nurses,  etc.,  may  take  chances 
and  do  an  extensive  laceration  of  the  capsule,  but  the  inexperienced 
surgeon  will  be  wise  if  he  proceeds  more  cautiously.  In  any  case,  it 
is  not  proper  to  do  too  much  and  thereby  court  disaster,  an  event 
which  sooner  or  later  is  bound  to  happen  even  to  the  most  experienced 
operator. 

The  instruments  required  for  a  discission.  The  instruments  re- 
quired are  an  eye  speculum,  a  fixation  forceps  and  a  Bowman's  needle. 
The  eye  speculum  and  forceps  should  be  put  into  boiling  water  for 
five  minutes,  the  Bowman's  needle  for  a  few  seconds;  then  all  the 
instruments  should  be  placed  in  a  shallow  tray  containing  absolute 
alcohol.  Prior  to  use,  they  should  be  washed  off  in  a  4  per  cent, 
solution  of  boric  acid. 

Position  of  the  patient  for  discission.  The  patient  should  be  reclin- 
ing upon  an  operating  table.  The  surgeon  when  sitting  behind  the 
patient  lias  much  better  control  of  the  eye  below,  than  in  any  other 
position,  both  as  to  seeing  and  operating.  Local  anesthesia  is  suffi- 
cient except  in  the  very  young  or  unruly,  where  general  anesthesia  may 
be  necessary.  The  pupil  of  the  eye  to  be  operated  on  should  be 
previously  dilated  ad  maximum;  the  eyelids  and  eyebrows  should  be 
made  as  sterile  as  possible.  Then  insert  the  eye  speculum  and  flush 
the  field  of  operation  freely  with  a  4  per  cent,  boric  acid  solution. 
If  ordinary  daylight  is  not  enough  to  give  a  clear  view  of  the  cornea, 
iris  and  lens,  some  form  of  artificial  light  with  a  condenser  should 
be  used.  The  surgeon  then  seizes  the  globe  of  the  eye  below,  near  the 
limbus,  the  eye  is  rotated  downwards  and  the  globe  pierced  with  a 
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Bowman's  needle.  The  point  of  entrance  should  be  in  the  upper-inner 
(left),  or  upper-outer  (right)  quadrant  of  the  eye,  two  mm.  from  the 
limbus,  and  in  sclero-corneal  tissue.  The  fiat  of  the  needle  is  held 
parallel  to  the  plane  of  the  iris,  the  point  inserted  under  the  con- 
junctiva, pushed  through  the  sclera  into  the  anterior  chamber,  the 
flat  of  the  blade  still  carried  parallel  to  the  plane  of  the  iris  to  the 
lower  periphery  of  the  capsule.  Then  the  handle  of  the  needle  is 
raised  and  the  cutting  edge  turned  and  brought  in  contact  with  the 
capsule,  which  should  be  cut  by  an  upward  pull  of  the  needle  to  about 
three  mm.,  penetrating  into  the  lens  fibres  about  one  mm. 

The  needle  is  then  withdrawn  in  the  same  manner  that  it  entered 
the  globe.  If  the  shank  of  the  needle  is  properly  made,  the  point  of 
entrance  is  so  completely  filled  that  no  aqueous  escapes.  Care  is  to  be 
exercised  that  the  point  of  the  needle  does  not  become  entangled  in  the 
iris  in  passing  across  the  anterior  chamber.  In  either  event  it  is  best 
to  postpone  operation  until  another  occasion.  The  eye  operated  on 
should  be  bandaged  and  the  patient  put  to  bed  in  a  darkened  room. 

Atropine  must  be  used  freely  (to  keep  the  pupil  fully  dilated)  and 
continued  during  the  entire  period  of  absorption.  If  the  eye  is  quiet 
at  the  end  of  the  first  week,  gentle  massage  of  the  globe  should  be  done 
several  times  daily  over  the  center  of  the  cornea,  through  the  closed 
eye-lids.  This  greatly  assists  the  absorption  of  the  cataract.  In  case 
of  beginning  reaction,  ice  cold  compresses  should  be  freely  used  so  as  to 
prevent  too  free  access  of  blood  to  the  parts. 

Dangers  and  complications  of  discission.  The  untoward  results 
liable  to  follow  this  operation  are :  First,  glaucoma ;  second,  iritis, 
irido-cyclitis  and  panophthalmitis ;  third,  infection. 

Glaucoma  occurs  from  this  cause  in  two  forms,  inflammatory  and 
non-inflammator}^  Acute  inflammatory  glaucoma  is  the  most  frequent 
result  of  a  too  free  discission,  due  to  the  irritation  of  tlie  rapidly 
swelling  lens  sulistanee.  It  comes  on  usually  within  the  first  five  days 
following  the  operation.  If  the  attack  be  severe,  with  neuralgic  pains 
in  the  head  and  globe,  accompanied  by  nausea  or  vomiting,  increased 
tension  of  the  eye  ball  and  a  hazy  cornea,  a  linear  extraction  should 
be  made  without  delay,  thus  permitting  the  evacuation  of  tlie  swollen, 
opaque  lens-substance.  This  operation  will  dissipate  all  signs  of  in- 
flammation, providing  the  oporation  is  done  at  th(>  onset  of  the 
symptoms. 

A  non-inflammatory  or  chronic  form  that  may  occur  months  or 
even  years  after  operation,  is  due  1o  the  contraction  and  thickening  of 
capsular  bands  tliat  pull  on  the  ciliiiry  process.  Cutting  these  l)ands 
so  as  to  end  the  traction,  stops  tlie  process,  and  tliis  is  best  done  with 
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scissors.  1 1  have  seen  six  sueli  cases  where  iridectomy  proved  of 
no  avail  and  relief  was  only  obtained  by  severing  these  capsule 
fibres.— Ed.] 

Iritis  may  occur;  likewise,  irido-cyclitis  may  result  from  too  rapid 
swelling  of  the  lens-substance.  These  sequelfe  are  best  treated  by 
leeches  to  the  temple,  the  free  use  of  atropin  and  hot   (from  120°  to 


Von  Speyr  's  Discission  Apparatus. 

130°  F.)  compresses,  continuously  applied  to  the  closed  eye-lids  of  the 
affected  eye. 

These  conditions  when  severe  are  difficult  to  diagJiosticate  from  the 
signs  and  symptoms  due  to  infection,  especially  when  the  process  re- 


Weill's    Method    of    Intiodueing    Harpoon    Needles   to    Tear    Secondary    Mem- 
branous Cataract. 


suits  m  panophthalmitis.  Il  is,  indeed,  a  question  as  to  what  role 
infection  plays  in  post  operative  uveitis ;  it  is  possible  that  germs  may 
be  introduced  at  the  time  of  the  operation. 

Needling  through  the  clear  cornea.  Some  operators  prefer  to  make 
the  puncture,  especially  where  a  small  central  incision  of  the  anterior 
capsule  is  desired,  close  to  the  liml)us  but  within  the  transparent 
cornea.  The  technique  differs  somewhat  from  the  previous  operation 
in  that  the  length  of  the  cut  is  less  and  the  point  of  the  needle  pene- 
trates the  Iciiticiilnr  sii1)st;ui('('  sonicwhiit   deeper. —  (P.    A.   C.) 
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A  form  of  illuminated  discission  needle  resembling  that  suggested 
by  Chandler  (Vol.  I,  p.  123  of  this  Encyclopedia)  and  employed  in 
the  same  fashion,  is  the  apparatus  of  von  Speyr. 

Weil  {Zeitschr.  f.  Augenhcilk.,  Feb.,  1908)  thinks  he  has  found  a 
safe  and  effective  operation  for  secondary  membranous  cataract,  by 
using  two  of  Stilling 's  harpoon  needles.  These  are  introduced  with 
the  flat  side  parallel  to  the  iris  near  the  temporal  and  nasal  margins 
of  the  cornea,  thrust  through  the  center  of  the  membrane,  rotated  90 
degrees  about  the  axis  of  the  instrument  to  catch  the  membrane  on  the 
barbs,  and  then  withdrawn  until  the  membrane  is  sufficiently  torn. 
This  tearing  is  effected  without  any  traction  on  the  zonule  or  ciliary 
body.  A  mark  on  the  handle  indicates  the  direction  of  the  barb. 
To  withdraw  them  from  the  eye  the  needles  must  ])e  rotated  into  the 
position  in  which  they  were  originally  introduced;  and  the  back  of 
the  needle  pressed  firmly  against  the  side  of  the  corneal  opening  along 
which  it  entered.  Thus,  in  the  figure,  the  needles  are  to  be  pressed 
against  the  ends  of  the  incision  A  and  A^,  allowing  the  barb  to  pass 
out  as  it  entered  at  B  and  B^  Great  care  and  some  patience  must 
be  exercised  in  this  withdrawing  of  the  needles.  Weil,  who  has  per- 
formed the  operation  130  times,  has  seen  no  bad  result,  except  one 
case  of  glaucoma  which  yielded  to  eserin,  and  one  of  hemorrhage  from 
the  iris,  which  was  torn  in  withdrawing  the  needle.  In  other  hands, 
however,  the  barb  has  been  broken  off,  necessitating  a  magnet  ex- 
traction. 

Jackson  (Amcr.  Opiith.  Soc,  Vol.  13,  p.  394,  1912)  di.scusses  the 
technic  of  discission,  which  he  has  successfully  used  for  complete 
cataract  in  two  patients  after  the  age  of  forty.  In  patients  under 
thirty,  if  not  excluded  by  the  time  required,  it  is  a  method  always 
to  be  considered.  It  is  safer  to  introduce  the  needle  through  the 
vascular  limbus  than  tln-ouoh  the  clear  cornea.  The  needle  is  entered 
almo.st  parallel  to  ttie  plane;  of  the  iris  until  the  point  has  passed  the 
edge  of  the  ]>upil.  The  point  is  cari-ied  as  directly  as  may  be  to  tlie 
center  of  the  lens  nucleus,  nnd  is  then  directly  withdrawn.  This 
procedure  differs  IVom  that  of  Kuhnt  and  some  others  in  that  the 
discission  is  not  confined  to  the  anterior  cortex,  but  attempts  to  open 
a  channel  for  the  aqueous  to  the  very  center  of  the  nucleus.  In  older 
cjiildren  and  adults,  if  tiiis  ha.s  not  been  done,  absorption  of  the 
cortex  may  leave  a  loose,  firm  nucleus  which  is  Xi'vy  difficult  to  divide 
or  break  up  with  any  fonu  of  knife-needle.  At  the  second  opei-alion 
till'  Jiiiu  should   lie  1()  disintegrate  the  nucleus  without    much   o|)ening 

of  the  capsule.      The    I die   luiviiig  been   cari'ied    into  or   throuj,di    the 

unci. 'US,   is  turned  ;iiii|    iii;i(h'   to  cut    up  iind   (hiwii   so   lh;it    the    nuideiis 
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may  be  broken  up  into  several  fragments.     Plenty  of  time  should  be 
allowed  between  sueeessive  operations. 

Discission  des  Nachstars.     (G.)     Discission  of  secondary  cataract. 

Discissions-Messerchen.     (G.)     Discission  knife. 

Discissions-Nadeln.     (G.)     Discission  needles. 

Disc,  Keratoscopic.  A  name  for  the  keratometer  or  disk  of  Placido. 
See  Placido 's  disk. 

Discleral  illumination.    Transillumination.    See  Diaphanoscopy. 

Disc-like  keratitis.     See  Keratitis  disciformis. 

Disc,  Mason's.  This  is  an  incorrect  spelling  (in  most  text-books  of 
ophthalmology)  of  Masson's  disc  or  disk.     See  Discs,  Photometric. 

Disc,  Mason's  pupil.  Pupil  stop.  A.  B.  Mason  {Ophth.  Record,  Decem- 
ber, 1912)  has  devised  a  pupil  disc  to  be  used  in  the  trial  frame  of 
the  same  size  as  the  ordinary  trial  lens.  It  is  35  mm.  in  diameter  and 
2  mm.  thick.  The  opening  in  the  center  is  8  mm.,  corresponding  to 
the  average  size  of  the  dilated  pupil.  The  slide  has  openings  2,  3,  4, 
5  and  6  mm.  in  diameter,  so  arranged  that  any  one  of  them  can  be 
centered  over  the  opening  on  the  slide.  The  method  of  using  the  disc 
is  as  follows:  The  size  of  the  pupils  with  accommodation  at  rest  is 
noted  at  the  preliminary  examination.  With  the  pupils  dilated  and  the 
patient  seated  at  the  trial  case,  the  disc  is  inserted  in  the  trial  frame, 
with  that  opening  on  the  side  that  corresponds  to  the  size  of  the 
pupil  noted  at  the  preliminary  examination,  accurately  centered  in 
front  of  the  eye.  The  trial  case  examination  is  then  made  in  the  usual 
way.  The  author  believes  that  in  measuring  refraction  spheric  aber- 
ration should  be  corrected ;  short  eyes — far-sighted — have  positive 
spheric  aberration,  which,  in  nearly  every  case,  if  left  uncorrected, 
changes  the  refractive  error;  long  eyes — near-sighted — have  negative 
spheric  aberration,  which,  if  left  uncorrected,  does  not  change  the 
refractive  error,  though  the  vision  is  not  as  acute. 

Disc,  Masson's.    See  Discs,  Photometric. 

Disc,  Maxwell's.  Maxwell  modified  the  revolving  disc  of  Masson  by 
adding  both  colored,  white  and  black  paper  discs  of  two  different 
sizes,  so  as  to  obtain  two  mixtures  at  once,  by  covering  the  central 
portion  of  the  larger  disc  with  smaller  ones.    See  Discs,  Photometric. 

Discoid.    Disc-shaped. 

Discoid  cataract.  Coppock  cataract.  Nettleship 's  cataract.  Doyne's 
CATARACT.  For  an  account  of  this  rare  form  of  congenital,  familial  and 
stationary  cataract,  see  Coppock  cataract;  as  well  as  Congenital 
anomalies.  Foster  says  that  the  term  discoid  was  formerly  applied  to 
ordinary  senile  cataract. 

Discoloration.    A  loss  or  withdrawal  of  color. 


DISCOLORATION  OF  THE  CORNEA  4031 

Discoloration  of  the  cornea.     See  Cornea,  Melanosis  of  the. 

Discolore.     (F.)     Of  two  colors. 

Discomyces.  A  genus  of  parasitic  organisms  probably  belonging  to  the 
FiDigi. 

Discomyces  equi  of  Rivolta.    See  Botryomycosis  of  the  eyelids. 

Disc,  Optic.  Optic  papilla.  Pobus  opticus.  Optic  nerve-head.  The 
nerve-head  is  situated  about  three  millimetres  to  the  nasal  side  of  the 
posterior  pole  of  the  eye,  and  is  the  point  of  entry  of  the  optic  nerve 
into  the  retina.  It  measures  from  1.4  to  1.7  millimetres  in  diameter 
and  is  generally  circular  or  ellipsoidal  in  shape.  In  the  astigmatic 
eye  the  optic  disc  often  appears  oval  or  ellipsoidal  when  in  reality  it 
is  round.  Owing  to  the  magnification  when  the  ophthalmoscope  is 
used,  the  papilla  appears  to  be  from  9  to  18  millimetres  in  diameter. 
Near  its  centre  is  a  depression,  the  physiologic  excavation,  which 
marks  the  divergence  of  nerve-fibres.  The  excavation  is  funnel-shaped, 
the  base  being  anterior.  A  trace  of  the  hyaloid  artery  of  fetal  life 
is  occasionally  seen  here  as  a  thread  of  connective  tissue  running  from 
the  papilla  into  the  vitreous.  Surrounding  the  papilla  are  two  rings : 
an  inner,  due  to  exposure  of  the  sclera,  is  whitish,  and  is  called  the 
scleral  ring ;  and  an  outer  one,  due  to  the  showing  of  choroidal  pigment, 
is  named  the'  choroidal  ring.  At  the  bottom  of  the  excavation  a  few 
dark  spots  are  sei^n,  from  the  gray  stippling  of  the  lamina  cribrosa. 
In  color  the  papilla  is  grayish-pink  or  reddish,  and  stands  out  in 
marked  contrast  to  the  reddish-yellow  of  the  remaining  parts  of  the 
fundus.  The  color  of  the  papilla  varies  with  tlie  age  and  complexion 
of  the  individual,  the  color  of  the  surrounding  parts  of  the  fundus, 
and  with  the  illumination  used.  A  bluish  discoloration  of  the  disc 
has  been  ol)served  as  a  congenital  abnormality.  A  more  common 
anomaly  is  the  presence  of  opaque  nerve-fibres,  which  condition  is  due 
to  the  fact  that  the  medullary  covering  of  the  axis-cylinders  exists  in 
the  fibre-layer  of  the  retina.  In  such  a  case  the  fundus  shows  a  patch 
of  a  brilliant  white  color  extending  out. from  the  disc.  Generally  the 
white  area  is  in  contact  with  the  disc.  It  rarely  occurs  that  the 
oi)aque  fibres  are  found  at  a  great  distance  from  the  nei've-head  or 
that  they  occu|)y  a  large  area  of  the  fundus.  The  physiologic  cup 
or  depression  may  occupy  a  large  part  of  tlie  nerve-head,  but  never 
extends  to  the  scleral  ring.  Under  noi-nuil  conditions  many  valuations 
are  seen  in  the  size  and  depth  of  the  cup  and  in  the  ai'i'angcincTd  of 
the  l,]ood-vessels.— (.1.  M.  B.)  See,  also,  Vol.  I,  j).  ;5I)7,  of  this 
Kncj/cfojx  (Tut. 

Disc,  Opticohyaloid.    Sec  Conus,  Opticohyaloid. 

Disc,  Placido's.     Sec  Placido's  disk. 
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Disc,  Rekoss.  This  important  device  has  been  utilized  in  many  ophthal- 
moseopes  ami  other  optieal  in.strnments.  It  is  made  of  the  well-known 
double  revolving  discs,  carrying  a  series  of  lenses.  As  originally 
invented,  the  two  discs  had  each  five  round  openings ;  four  of  these 
were  filled  with  concave  lenses  from  six  to  thirteen  inches  in  focal 
length ;  the  fifth  was  empty ;  by  a  simple  turning  of  the  discs,  any 
one  lens  or  any  combination  of  two  lenses  could  be  utilized.  A  small 
spring  kept  the  discs  in  place. 

Discs,  Ophthalmic.  Gelatine  lamels.  These  form  convenient  and 
economical  applications  of  different  remedies — many  of  them  (like 
liomatropin,  hyoscin,  holocain,  novocain)  expensive  alkaloids — to  the 
eye.  They  are  generally  put  up  in  sealed  glass  tubes  as  round,  gelatine 
plates  in  which  are  incorporated  therapeutic  agents  in  every  possible 
dose  and  combination.  Wyeth  and  Co.  in  the  United  States,  Savory 
and  ]\Ioore  in  England  are  well-known  manufacturers  of  these  discs. 


Homatrop     ' 
AIk.Jr50_gr  ^y. 


Wyeth 's  Ophthalmic   (gelatine)   Discs. 

Some  discs  of  use  in  ophthalmic  practice  have  been  made  with  boric 
acid  and  similar  excipients,  but  these  are  not  adapted  to  application 
direct  to  or  solution  in  the  conjunctival  .sac.  They  should  be  first  dis- 
solved in  water  and  the  solution  instilled  with  a  medicine-dropper. 
Dried  tuberculin  discs  may  be  utilized  in  this  fashion  in  the  Cal- 
mette  test. 
Discs,  Photometric.  For  the  purpose  of  determining  the  lowest  limit 
at  which  the  eye  begins  to  distinguish  objects — especially  of  dis- 
tinguishing differences  in  brightness — these  devices  are,  among  others, 
employed.  The  principal  discs  are  those  of  Masson,  Helmholtz  and 
Benham.  Tscherning  (Physiologic  Optics)  thus  describes  these  dif- 
ferent kinds  of  apparatus: — The  disc  of  Masson  is  white  of  which 
sectors  of  different  sizes  have  been  blackened  (see  the  figure).  By 
subjecting  this  disc  to  a  sufficiently  rapid  rotation,  we  see  three  gray 
rings  separated  by  white  intervals.  Supposing  that  the  sector  a  is 
20°,  the  sector  &  10°  and  the  sector  c  5°,  and  supposing,  which  is  not 
strictly  true,  that  the  black  does  not  reflect  any  light  at  all,  the  bright- 
ness of  the  three  gray  rings  would  be  340,  350  and  355,  if  we  place 
the   light    of   the   white   rings   at   360.     The    difference    between   the 
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exterior  gray  rings  and  tlie  wliite  will  be  5,  and  the  relation  between 

5  1 

this  difference  and  the  white  will  be =  — ,  which  represents  the 

360         72 
value  of  the  refraction  of  Fcchner  of  the  examined  subject,  if  he  can 
distinguish  the  three  images.     If  he   can  distinguish  only  two,  the 
360  —  350         1 

fraction  of  PVchner  is =  — ,  and  so  forth.    A  great  numluT 

360  36 


Disc  of  Masson. 

of  ring.s  must  be  used;  the  illumination  must  good,  and  tlie  patient 
must  not  be  too  far  away,  in  order  to  eliminate  the  iuHuence  of  a 
diminished  visual  acuity.  It  is  evident,  however,  that  we  cannot  com- 
pletely eliminate  it;  the  acuity  may  be  so  poor  as  to  prevent  the 
patient  from  distinguishing  anything.  To  obtain  an  impression  of  a 
uniform  gray  with  the  disc  of  Masson,  it  is  necessary  that  it  rotate 
with  a  certain  speed,  al)out  20  to  30  times  ])er  second.  If  the  di.sc 
carries  several  black  and  white  sectors,  alternating,  the  speed  may  be 
less.  In  case  the  speed  is  not  sufficient,  the  disc  gives  a  scintillating 
impression  and  we  often  olxserve  on  it  very  l)e;nitiful  coloi-s.  The  disc 
A  (see  the  figure)  has  been  described  by  llclinholt/. :  with  ;i  cct-tliin 
speed  the  exteriud  ring  sliows  very  vivid  colors,  among  which  the  i-ed 
and  green  predominate;  they  are  often  arranged  in  a  iiuiinici-  which 
recalls  a  series  of  short  spectra,  as  we  observe  tliem   with   gi-atings. 
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But  the  phenomena  are  very  changeable ;  in  the  second  ring,  which 
has  only  four  sectors,  the  yellow  and  blue  predominate  with  this  speed, 
but  only  to  a  slight  extent.  If  we  increase  the  speed  the  external  ring 
gives  a  uniform  gray,  while  the  second  ring  assumes  the  appearance 
which  the  external  ring  had  previously.  In  the  figure,  B  represents 
the  disc  of  BenJiam.  If  we  make  it  rotate  in  the'  direction  of  the 
arrow,  the  arcs  form  concentric  circles  which  present  quite  vivid 
colors  in  the  following  order,  starting  from  the  middle :  red,  brown, 
olive-green,  blue.  iMaking  the  disc  rotate  in  the  opposite  direction, 
the  order  of  the  colors  is  reversed.     The  most  beautiful  of  the  colors 


A,  Disc  of  Helmholtz;  B,  Disc  of  Benhani. 


is  the  red;  the  circles  seem  traced  in  blood.  The  nature  of  these 
phenomena  is  not  yet  elucidated.  We  must  not  think  that  it  is  due  to  a 
decomposition  of  the  white  light,  for  the  experiment  succeeds  per- 
fectly when  illuminating  the  disc  with  homogenous  light,  providing 
it  is  sufficiently  strong.  We  even  see  colors  of  this  kind  when  looking 
towards  the  homogenous  sodium  flame. 
Discs,  Volkmann's.  This  device  is  a  method  for  determining  the  angle 
between  the  apparently  perpendicular  meridians  of  the  two  eyes. 
Volkmann  placed  two  small,  revolving  discs  on  a  vertical  wall  so  that 
the  distance  separating  their  centers  would  be  equal  to  the  distance 
between  the  eyes.  On  each  disc  was  shown  one  radius.  He  observed 
the  discs  as  with  the  stereoscope,  the  right  eye  fixing  the  disc  on  the 
right,  the  left  eye  that  on  the  left.  He  placed  one  of  the  radii  verti- 
cally, and  then  tried  to  place  the  other  so  that  the  two  radii  would 
appear  to  form  a  single  straight  line ;  they  should  form  an  angle  of 
about  two  degrees. 
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Discs,  Walker's  color.  These  colored  test  objects  consist  of  a  handle 
having  mounted  at  either  end  a  circular  disc  on  each  side  of  which  a 
different  color  is  shown.  These  discs  are  mounted  at  right  angles 
to  each  other,  so  that  only  one  color  is  visible  at  a  given  time.  The 
retaining  rim  is  made  with  a  knife  edge,  and  the  objects  are  therefore 
essentially  rimless. 

The  objects  are  made  in  seven  sizes,  and  the  area  of  each  object, 
not  the  diameter,  is  stamped  on  the  handle.  The  smallest  disc  is  1/64 
sq.  cm. ;  the  largest  one  16  sq.  cm. 
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Double-End,  Graduated  Discs  for  Test  Objects.     (Clifford  Walker.) 

Discus  opticus.     (L.)     Optic  papilla. 

Disdiaclast.    Any  doubly  refracting  body. 

Disesthesique.  (F.)  Literally,  doubly  sensitive;  a  term  suggested  by 
Milne-Edwards,  pertaining  to  points  on  the  two  retina?  corresponding 
to  each  other  in  sensibility. 

Disinfectants.  Agents  tliat  prevent  infection  or  that  relieve  its  dis- 
agreeable or  dangerous  consequences  are  as  much  used  in  oi^litlial- 
mology  as  in  general  .surgery.  Among  the  disinfectants  are  most  of 
the  antiseptics  or  germicides.  Special  mention  may  be  made  of  mer- 
curic cldoride,  acetozone,  antinosin,  antipyonin,  euzymol,  formol, 
glycozone,  liydrogen  ])ei'o.\idi',  h.\(lroz()ne,  chlorine  water,  Labarraque's 
solution,  chlorinated  lime,  lysol,  ealeiuin  permanganate,  pei-hVdrol, 
phenol  and  chlorinaled  soda. 

11.  A.  Kiefer  (Wood's  Si/st(ni  of  Ophthalmic  Therapeutics,  p.  51), 
on  account  of  the  exti-einely  contagious  character  of  trachoma,  nuiking 
it  possible  for  the  patient  to  reinfect  himself  from  the  various  objects 
with  whieli  lie  eoiiies  in  daily  contact,  thus  undoing  the  work  that  the 
surgeon  has  accomplished  by  operations  and  other  forms  of  treatment, 
lias  made  it  a  practice  for  the  i)ast  ten  or  twelve  years  thoroughly  to 
fumigate  all  the  palient's  belongings.  This  includes  his  wearing  ap- 
parel, bed-clothes  anti  especially  the  ])illows,  and  all  other  things  that 
pertain  to  his  wardi-obe  and  apartments,  aiul  the  room  he  ()ecuj)ies  in 
sleeping.     The  fumigation  is  acconiidishcd  just   hefofe  or  after  opera- 
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tioii,  or  while  he  is  in  the  hospital.  If  it  is  not  a  surgical  case  it  is 
done  just  as  soon  as  possihle.  The  fumigation  should  be  repeated  at 
each  operation.  In  non-operative  ca.ses  he  has  the  fumigation  repealed 
every  iew  weeks  while  the  case  is  under  his  care,  just  as  in  operative 
cases. 

A  few  examples  of  the  varied  uses  of  ocular  disinfection  are  the 
following:  In  two  years'  work  by  Elliot  at  ]\Iadras,  not  a  single  in- 
stance of  suppuration  had  followed  any  intra-ocular  operation,  al- 
though these  operations  included  about  1.000  cataract  operations,  and 
300  trephinings  for  glaucoma.  On  the  morning  of  operation  the  lids 
are  everted  and  irrigated  with  mercuric  chloride  (1:3,000)  for  one  or 
two  minutes.  The  contents  of  the  ^Meibomian  glands  are  expelled  by 
tirm  pressure,  and  the  conjunctival  sac  carefully  swabbed  out  with 
small,  steam-sterilized,  cotton-wool  swabs,  using  a  sterilized  salt  solu- 
tion poured  freely  over  the  surface. 

For  the  disinfection  of  the  hands  Terson  {Ann.  d'Ocul.,  Vol.  150, 
p.  192,  1912)  recommends  washing  in  90  per  cent,  alcohol  for  five 
minutes  without  preliminary  soaping,  because  previous  moistening  of 
the  hands  dilutes  the  alcohol  and  lessens  the  effect  on  the  skin.  Experi- 
ment shows  this  method  is  equal  to  prolonged  cleansing  with  soap  and 
water.  It  has  been  used  by  general  surgeons,  giving  excellent  results. 
He  has  also  added  to  the  alcohol  a  little  iodin,  sufficient  to  color  it, 
without  much  discoloring  the  hands. 

As  to  the  use  of  sterile  gloves,  he  points  out  that  they  diminish  the 
sensibility,  the  suppleness,  in  a  word,  the  dexterity  of  the  fingers  of 
the  ophthalmologist.  But  where  the  hands  of  the  surgeon  are  the 
seat  of  infection,  against  which  it  is  essential  to  guard  the  patient; 
or,  if  the  surgeon  must  be  defended  against  the  patient's  infection, 
as  in  dressing  a  chancre,  malignant  pustule,  etc.,  the  gloves  may 
properly  be  used.  Elschnig  (Klin.  MonatsM.  f.  Augenheilk.,  June, 
1913,  p.  793),  because  of  the  favor  they  have  found  wdth  general 
surgeons,  recommends  that  sterilized  rubber  gloves  be  worn  for  all 
operations  in  wdiich  there  will  be  bleeding,  and  sutures  to  be  handled 
wdiicli  might  serve  as  a  medium  of  infection.  He  wears  underneath 
the  rubber  gloves  a  pair  of  sterilized  cotton  gloves. 

For  disinfection  of  the  hands  before  operating  on  the  eyeball  without 
gloves,  or  before  drawing  on  the  gloves  for  other  operations,  Elschnig 
washes  with  soap  and  spirits  of  soft  soap,  in  sterile,  warm,  running 
water ;  or  brushes  them  for  three  minutes,  dries  with  gauze,  dips  them 
in  a  solution  of  oxycyanate  of  mercury,  dries  again,  then  washes  in 
70  per  cent,  alcohol,  and  dries  with  sterile  compresses.  For  an  irritable 
skin  he  recommends  inunction  with  fresh  sterilized  lanolin  and  vaselin. 
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Ziegler  {Opth.  Rec,  Vol.  22.  p.  28,  1912)  recommends  for  cleansing 
the  hands  a  neutral  liquid  soap,  made  with  10  per  cent,  of  alcohol, 
10  per  cent,  glycerin,  and  cottonseed  oil. 

Possek  {Zcitsch.  /.  Augenheilk.,  Vol.  30,  p.  462,  1912)  disinfects 
instruments  in  70  per  cent,  alcohol  to  which  a  trace  of  alkali  has  been 
added.    From  this  the  instruments  are  taken  as  required  for  use. 

The  disinfection  of  the  field  of  operation  ])y  touching  the  parts  with 
a  match-stick  wrapped  lightly  with  cotton  dipped  in  tincture  of  iodin. 
is  proposed  by  Jaequeau  {Jour.  Amer.  Med.  Assoot.,  Vol.  60,  p.  1746, 
1912).  Kraupa  {Zcitsch.  f.  Augenheilk.,  Vol.  30.  p.  459,  1912)  found 
in  cataract  ca-ses  streptococci  i)resent  in  28  per  cent.  These  cases  are 
not  suitable  for  operation,  and  washing  the  conjunctiva  does  not  free 
it  from  the  germs.  Other  cocci,  present  in  4(»  ])er  cent,  of  the  cases. 
are  less  important. 

Disk.     See  Disc. 

Disk,  Choked.  Sc  Choked  disc,  i)age  2074.  Vol.  TIT  of  this 
Enei/eJojx  did. 

Dislaceration.  Double-needle  operation.  One  of  the  operations, 
first  practiced  by  Bowman,  on  secondary  cataract  (see  Discission  i, 
and,  later  on,  detached  retina  {Ophthalmic  Hosp.  liepeyrfs,  1864,  p. 
133.) 

Dislocatio  bulbi.     Dislocation  of  the  eyeball. 

Dislocation  of  the  eyeball.  Dl'^locatio  bulbl  AVhile  this  term  includes 
both  of  the  following  it  is  desirable,  as  Barck  has  .said,  to  make  a 
distinction  between  these  terms.  Luxation  means  that  tiie  eyel)all  lies 
in  front  of  the  lids,  which  close  spasiuodically  l)eliind  it.  The  optic 
nerve  and  muscles  are  stretched,  but  their  coniKM-tioii  with  tlu'  globe 
and  with  the  other  orl)ital  structures  is  maintained.  Avul.sion  indicates 
that,  owing  to  I'uptui-e  of  the  optic  nerve  and  the  severance  of  the 
ma,iorit\-  or  all  of  the  extrinsic  muscles,  the  connection  is  bi-okeiL 

Luxation  may  occur  spontaneously,  as  in  some  cases  of  ex()i)litlialmic 
goitre,  and  in  persons  with  aljiioniudly  shallow  orbits  and  prominent 
eyeballs.  It  may  also  occuc  when,  after  the  introduction  of  an  eye 
speculum,  tlie  i)atient  struggles,  ci'ies,  oi-  cougiis.  Depoutol  saw  a 
young  man  with  an  oi)isthognatous  face  who  could  dislocate  his  eyeball 
by  blowing  the  nose  violently.  (Jeiiei-ally,  howi'ver,  luxalioii  results 
either  from  the  impact  of  a  large,  blunt,  fori-ign  body;  from  self- 
inflicted  injury  pi'oduced  by  the  insane  with  their  fingers;  or  from 
the  h;irb;ir()us  pr;ictice  of  '"gouging,"  which  is  said  to  be  common 
among  the  natives  of  Lganda.  Africa.  In  a  few  instances  luxation 
has  occuri-ed  in  difficult  instrumental  deliveries. 

Avulsion  is  producecl  in  tliis  niainief:  the  missile  causative  of  luxa- 
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tioii  also  acts  as  a  lever,  with  sufficient  energy  to  sever  the  optic  nerve 
and  lacerate  the  muscles.  The  unyielding  orbital  margin  acts  as  a  ful- 
crum. Avulsion  has  been  caused  by  falls  upon  blunt  projecting  bodies. 
Thus,  it  has  resulted  from  a  fall  upon  keys  which  were  in  their  locks, 
from  the  impact  of  a  boar's  tusk,  etc.  Inspection  will  at  once  reveal  the 
true  condition.  In  luxation  the  eyeball  may  or  may  not  be  ruptured. 
If  torn,  the  case  will  probably  require  enucleation.  If  the  globe  is 
simply  luxated  the  prognosis  is  generally  favorable,  although  severe 
damage  may  have  been  done  to  the  optic  nerve,  retina,  choroid,  and 
lens.     In  avulsion  the  eye  is  lost. 


Avulsion  of  the  Eyeball.     (Barck.) 

The  treatment  consists  in  the  earliest  possible  replacement  of  the 
eyeball  within  the  orbit.  This  may  be  easily  accomplished  by  separat- 
ing the  lids  and  gently  pushing  the  globe  backward.  If  it  is  attended 
with  great  difficulty,  owing  to  the  swelling  of  the  lids  and  their  tight 
constriction,  retractors  should  be  passed  under  the  lids.  In  the  event 
of  failure,  the  outer  canthus  must  be  cut,  the  lids  replaced,  and  the 
wound  stitched.  After  reduction,  rest  and  iced  compresses  are  indi- 
cated, after  which  a  compress  bandage  should  be  worn  for  some  time. 
If  the  eyeball  is  ruptured  the  indications  for  treatment  are  such  as 
are  described  elsewhere  for  this  condition.  If  a  case  of  avulsion  is 
seen  early  and  some  of  the  muscles  are  still  attached,  an  attempt  may 
be  made  to  stitch  the  globe  into  place  with  the  hope  of  saving  it  for 
cosmetic  reasons.  If  there  is  cause  to  believe  that  the  germs  of  infec- 
tion have  been  carried  into  the  orbit,  an  enucleation  should  be  made. 
—  (J.  M.  B.) 

Parsons  {Pathology  of  the  Eye,  p.  1181)  confines  the  terra  dis- 
location of  the  globe  to  displacement  of  the  eye  into  one  of  the  neigh- 
boring cavities — antrum  of  Highmore,  ethmoid,  etc. — is  always  the 
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result  of  very  severe  injury.  Fractures  of  the  floor  of  the  orbit  leading 
to  depression  are  not  extraordinarily  rare ;  as  a  rule  they  cause  only 
traumatic  enophthalmos  (q.  v.),  so  that  dislocation  of  the  eye  into 
the  maxillary  antrum  may  be  regarded  as  an  extreme  form  of  this 
condition.  The  earliest  case  of  dislocatio  bulbi  is  by  Henricus 
Smetius  a  Leda  (1575)  {Centralbl.  f.  Augenheilk.,  Vol.  23,  1899); 
the  eye  was  displaced  into  the  nose,  and  some  vision  is  said  to  have 
been  retained  through  the  nasal  aperture.  Dislocation  into  the 
antrum  is  recorded  by  Becker  {Archiv  f.  Ophthal.,  Vol.  12,  p.  2,  1866) 
(by  a  cow's  horn),  v.  Langenbeck  (Archiv  f.  Ophthal.,  Vol.  13,  p.  2, 
1867)  (fall  between  railway  engine  and  tender),  and  Tweedy  (Lan- 
cet, 1881)  (by  a  cow's  horn).  In  v.  Langenbeck 's  case  vision  was 
normal  after  reposition,  but  a  corneal  ulcer  developed  and  the  eye 
shrank.  In  Tweedy 's  case  the  eye  was  blind  though  there  was  a  red 
reflex.    See,  also,  Vol.  I,  p.  719,  of  this  Encyclopedia. 

In  Strachow's  case  (Klin.  Monatshl.  f.  Augenheilk.,  Feb.,  1910,  p. 
208)  diplopia  and  extreme  dislocation  of  the  eyeball  inward  and 
downward  were  present;  swelling  at  the  upper  inner  angle  of  the 
orbit ;  nasal  polypi  and  pus  in  the  superior  meatus.  At  the  operation 
it  was  found  that  the  orbital  and  posterior  wall  of  the  frontal  sinus 
had  been  destroyed,  the  cavity  greatly  enlarged  and  filled  with  pus 
and  polypoid  mucous  membrane.  The  pus  attained  the  dura  without, 
however,  causing  cerebral  symptoms.  The  cavity  communicated  with 
the  posterior  etlnnoidal  cells,  which  circumstance  explains  the  flow 
of  pus  from  the  superior  meatus. 

In  Donaldson's  case  (Ophthalmoscope,  Vol.  8,  p.  217,  1910)  one 
eye  of  a  new-born  child  was  dislocated  on  tlie  cheek  during  instru- 
mental delivery.  The  eye  was  at  once  replaced.  Three  years  later 
the  eye  was  normal  and  sight  good. 

Dislocation  of  the  lens.    Sec  Lens,  Dislocation  of  the. 

Dislogamento  della  pupilla.     (It.)     I)is|)lacoin('iit  of  the  pupil. 

Disparate  points.     The  opposite  of  Corresponding  points  of  the  retinae. 

Dispensary  furnishings,  Ophthalmic.  Sec  Hospitals,  Ophthalmic, 
Equipment  of. 

Dispersif,  -ive.     (  F.)     Pertaining  to  dispersion;  causing  di.spersion. 

Dispersing  lens.  Divergent  lens.  A  double  concave,  plano-concave, 
or  eonvexo-coiicave  lens  which  causes  the  rays  of  light  to  diverge,  so 
that  instead  of  coming  to  a  focus  flicy  a{)pi'ar  to  cotiio  from  an  imagi- 
nary focus  situated  at  tbc  same  point  as  llic  incident   ra\-. 

Dispersion.  Dirpeiision  ok  i.icirr.  Tlie  di'viation  pi-oduced  bclwecn  \\u\ 
constituent  rays  of  a  coinj)usite  ray  of  ligbt  which  lias  becni  refracted 
by  a  prism  or  peripheral  part  of  a  lens.     The  point  of  dispersion  is 
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the  point  where  the  i-et'raeted  rays  begin  to  diverge,  owing  to  their 
dift'erent  wave-lengths.  When  a  ray  of  solar  light  is  made  to  pass 
through  prisms  of  the  same  angle,  but  of  different  substances,  it  is 
found  that  spectra  are  formed  of  different  lengths,  the  prism  produc- 
ing the  longer  spectrum  being  said  to  have  the  greater  dispersive 
power.  The  angle  between  any  two  given  deviating  rays  is  called 
the  dispersion  of  tliis  pair.  See,  also.  Chromatic  dispersion. — 
(C.  F.  P.) 

Dispersion,  Chromatic.    See  Chromatic  dispersion. 

Dispersion  of  the  optic  axes.  The  variation  in  the  value  of  the  axial 
angle  for  rays  of  different  wave-lengths. 

Dispersion  photometer.  A  photometer  for  determining  the  intensity 
of  brilliant  light  sources. 

Dispersive.  Having  the  power  of  causing  the  different  colored  rays  of 
a  beam  of  light  to  diverge. 

Dispersive  power.  The  power  or  ability  of  an  optical  instrument  to 
separate  colors,  so  as  to  form  a  spectrum.  See  page  2193,  Vol.  Ill, 
of  this  Encyclopedia. 

Displaced  macula.  Extracentral  macula.  This  is  a  congenital  mal- 
formation which  may  not  be  as  rare  as  is  usually  claimed.  Doubtless 
the  marked  cases,  associated  with  other  fundus  anomalies,  are  very 
rare.  One  example  of  the  latter  defect  is  a  case  reported  by  Adam 
(OpJdhalmic  Review,  Oct.,  1912),  a  student,  aged  20,  who  had  suf- 
fered for  years  from  strabismu.s,  one  eye  being  directed  inwards  and 
upwards.  When  the  fixing  eye  was  covered  the  other  remained  in  the 
position  of  convergence  and  upward  deviation,  when  a  reduction  of 
vision  to — perhaps — ability  to  count  fingers  merely  might  have  been 
expected — but  so  far  from  that  the  eye,  even  in  this  position,  possessed 
nearly  full  vision.  With  the  ophthalmoscope  the  appearance  of  a 
macula  was  found  to  be  situated  in  the  corresponding  position  in  the 
fundus,  and  to  it  what  seemed  like  connective  tissue  bands  ran  from 
the  disc.  A  further  peculiarity  in  the  fundus  was  that  the  lower  half 
of  the  retina  was  almost  entirely  devoid  of  vessels. 

Displacement  of  the  eye.  Dislocation  of  the  eyeball.  Autoenuclea- 
Tiox  op^  THE  eye.  See  Vol.  I,  page  711,  of  this  Encyclopedia.  Also, 
see  the  first  synonym  above. 

Displacement  of  the  lens.  A  synonym  of  dislocation  of  the  lens.  See 
Lens,  Dislocation  of  the. 

Disposition.  Tendency  to  ocular  disease.  Predisposition  to  disease. 
Idiosyncrasy.  As  in  general  conditions  and  in  systemic  diseases  so 
in  ocular  complaints  and  lesions  is  there  often  a  peculiar  tendency 
to  disease.     The  exact  meaning  of  this  state  of  affairs  is  not  easy  of 
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definition.  Sometimes  it  takes  a  distinctly  hereditary  form ;  in  other 
instances  there  is  nothing  about  the  patient  to  indicate  what  particular 
disease  he  Is  most  likely  to  acquire.  For  example,  it  is  well  known 
that  some  people  have  an  idiosyncrasy  against  certain  toxic  agents — 
often  drugs.  This  is  exemplified  in  the  various  toxic  amblyopias. 
Some  individuals  are  readily  poisoned  by,  and  some  part  of  their 
ocular  apparatus  suffers  from,  such  agents  as  tobacco,  methyl  alcohol, 
(juinin.  etc.,  while  others  do  not  seem  to  be  especially  affected  ])y  them. 

Disque  ciliare.     (F.)    Ciliary  ring. 

Disque  de  Masson.     (F.)    Masson's  disc.    See  Discs,  Photometric. 

Dissecting  microscope.  A  simple  or  compound  microscope,  for  monoc- 
ular or  binocular  vision,  used  in  dissecting  very  minute  objects,  the 
ocular  tissues,  for  example. 

Dissection  glasses.  These  were  invented  by  von  Briicke  for  the  im- 
provement of  vision  in  anatomical  (dissection)  work.  The  device  is  a 
binocular  microscope  provided  wdth  strong  convex  lenses  combined 
with  correspondingly  strong  abducent  prisms.  See  Dissecting 
microscope. 

Dissectionsbrille.  (G.)  Lenses  used  in  dissection.  Dissection  micro- 
scope. 

Disseminated  choroiditis.    See  Vol.  Ill,  page  2141  of  this  Encyclopedia. 

Disseminated  choroiditis  of  Fuchs.  Anterior  choroiditis  of  Fuchs. 
Sec  \'()l.  ill.  p.  2140  of  this  Encyclopedia. 

Disseminated  sclerosis,  Ocular  signs  of.  This  disease,  variously  styled 
muUiplf  scl(  rosis,  ini(ltiplc-c(  rehro-spinal  sclerosis  and  insular  scle- 
rosis, is  of  toxic  origin,  affecting  both  the  spinal  cord  and  brain  in 
varying  degree,  and  at  any  and  all  levels.  The  sclerotic  foci  irregu- 
larly and  widely  disseminated  throughout  the  nervous  system  give 
rise  to  a  great  variety  of  symptom.s  of  which  the  more  common  are 
muscular  weakness  and  spasticity,  intention  tremor,  nystagmus,  scan- 
ning speech,  augmented  by  special  sense  changes,  anomalous  ref1(>xes, 
bull)ar  disturbances  and  p.sychic  phenomena. 

This  disease  is  i-ich  in  eye  symptoms,  upon  which  much  (h'pends 
for  its  early  diagnosis.  Any  portion  of  tlie  eye  may  be  affected.  The 
pupils  arc  likely  to  be  (contracted,  and  unequal  in  size,  with  ditniiiislicd 
reaction  to  light  and  accommodation,  but  the  Argyll  Robertson  pupil 
is  very  rare.  Hippus  has  been  ob.served.  According  to  Uhthoft",  the 
extrinsic  eye-mascles  are  involved  in  17  per  cent,  of  the  cases.  The 
distiifbance  is  usually  bilateral  and  ti-ansiciit.  One  muscle  only  may 
be  j)aralyzed  or  there  may  be  complete  opiillialiiioplcgia.  The  ab- 
ducens  is  most  frequently  j)aralyze(l,  and  next  to  that  tiie  oculoiiiotor. 

The   |);ir;ilysis   is   IMil    llSllJllly   e(iiii|.Ie1e.      The    imi-le;ir   |i;itlire   (if  the  (lis- 
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ease  is  sometimes  shown  in  the  lack  of  associated  movements.  Uhthoff 
observed  paresis  of  upward  associated  movements.  Nystagmus  is  a 
very  frequent  symptom,  true  nystagmus  being  present  in  20  per  cent. 
of  the  eases,  and  the  remainder  usually  show  nystagmiform  move- 
ments— the  ocular  ataxia  of  Swanzy.  These  are  shown  by  directing 
the  patient  to  look  from  the  usual  line  of  sight :  e.  g.,  up  and  out. 

Optic-nerve  atrophy  occurs  in  about  50  per  cent,  of  the  cases.  The 
process  is  generally  a  slow  one,  and  is  seldom  extreme.  Vision  may 
be  more  or  less  affected.  A  transient  form  of  blindness  is  not  uncom- 
mon. Hemianopsia  is  never  present,  which,  as  a  localizing  symptom, 
places  the  lesion,  as  far  as  visual  symptoms  are  concerned,  peripheral 
to  the  optic  commissure,  although  the  lesions  causing  the  different 
ocular  palsies  may  be  as  far  back  as  the  nuclei  of  the  nerve  governing 
the  muscle.  The  occasional  disturbances  in  the  field  of  vision  are 
central  scotoma,  irregular  and  regular  retraction  of  the  field,  and 
dyschromatopsia,  particularly  for  red  and  green. —  (J.  M.  B.) 

The  failure  of  vision  in  multiple  sclerosis  is  also  discussed  by  Wil- 
liamson (Lancet,  May  2,  1908).  He  reports  six  cases  that  came  under 
observation  on  account  of  such  visual  failure.  It  may  or  may  not 
be  accompanied  by  evidence  of  optic  atrophy.  In  the  absence  of  other 
symptoms,  these  cases  are  generally  diagnosed  as  primary  optic 
atrophy,  or  retrobulbar  neuritis,  but  they  should  be  carefully  watched 
for  other  evidence'  of  the  disease.  Wernicke  {Centralhl.  f.  prakt. 
Augenheilk.,  May,  1908),  assuming  that  nearly  all  cases  of  tabes  have 
followed  syphilis,  believes  that  syphilitics  in  whom  a  specific  iritis 
occurs  remain  free  from  tabes.  When  it  is  remembered  that  only  a 
small  minority  of  syphilitics  suffer  from  tabes,  and  only  a  very  small 
minority  from  iritis,  it  is  evident  that  very  extended  experience  or 
statistics  will  be  required  to  support  such  a  proposition.  Knauer 
{Munch,  med.  Wochensckr.,  Sept.  15,  1908)  reports  a  case  of  tabes  in 
which  eye  crises,  such  as  have  been  described  by  Pel,  occurred  with 
other  disturbances  of  sensation.  Massia  and  Delachanal  {Gaz.  des 
Hopitaux,  Nos.  1  and  4,  1908)  give  an  elementary  description  of  w^hat 
they  term  the  "tabetic  eye." 

The  clinical  history  and  post  mortem  examination  of  a  woman,  aged 
43,  who  died  five  months  after  the  development  of  a  severe  acute 
cerebrospinal  affection  (a  sequel  of  acute  disseminated  sclerosis)  is 
reported  by  Roenne  (Graefe's  Arch.  f.  Ophth.  Ixxxiii,  III,  p.  505). 
Abwit  a  month  after  the  onset  of  the  nervous  symptoms  the  right 
eye  grew  rapidly  blind  from  retrobulbar  neuritis  with  orbital  symp- 
toms, terminating  with  atrophy  and  temporal  hemianopic  defect  of 
the  visual  field  of  the  left  eye.    The  post-mortem  examination  revealed 
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in  the  cervical  and  dorsal  medulla,  optic  tracts,  chiasm  and  optic  nerve 
patches  of  acute  disseminated  sclerosis.  As  these  showed  abundant 
inflammatory  changes,  the  affection  might  also  have  been  called  an 
acute  or  sul)acute  disseminated  myelitis.  Roennc,  in  consequence, 
makes  some  remarks  on  the  relation  l^etween  affections  of  the  optic 
nerve  occurring  in  acute  myelitis  and  multiple  sclerosis.  The  marked 
onset  of  the  retrobulbar  neuritis,  sometimes  with  amaurosis,  ])ut  with 
tendency  to  restitution,  the  inclination  to  attack  the  papillo-macular 
bundle,  the  less  prominent  ophthalmoscopic  changes,  and  the  accom- 
panying orbital  symptoms,  edema  of  the  lids,  temporal  headache,  pain 
on  ocular  movements  and  sensitiveness  of  the  eye  to  pressure,  are 
encountered  in  numerous  cases  of  myelitis  and  multiple  sclerosis. 
There  are  also  anatomo-pathological  analogies  in  both  affections: 
primary  localization  in  the  chiasm  and  tracts,  apart  from  the  optic 
nerve,  which  under  other  conditions  seems  to  be  extremely  rare,  and 
the  characteristic  formation  of  foci  in  the  visual  path.  That  in  some 
cases  the  changes  in  the  chiasm  and  optic  nerve  in  sclerosis  differ 
from  those  in  myelitis  are  not  peculiar.  In  the  one  case  it  is  a  terminal 
process ;  in  the  other  a  constantly  acute  stage  comes  under  examination. 
Hence  Roemie  surmises  that  the  affection  of  the  optic  nerves  in  both 
diseases  is  identical,  or  very  closely  related,  and  both  diseases  are  two 
forms  of  the  same  etiology,  and  that  numerous  cases,  diagnosed  as 
myelitis  with  optic  neuritis,  are  to  be  regarded,  like  the  reported  one, 
as  acute  disseminated  sclerosis. 

Of  the  cranial  nerve  changes,  those  relating  to  the  optic  nerve 
(50  per  cent.)  and  ocular  muscles  (17  per  cent.,  Uhthoff)  are  con- 
spicuous. 

Holden  {Jour.  Am.  Med.  Assn.,  July  11,  IDOcS)  thinks  that  a  non- 
toxic retro])ull)ar  neuritis,  not  due  to  syphilis,  siinisitis,  diabetes, 
neoplasm  or  trauma,  is,  as  a  rule,  a  manifestation  of  multiple  sclerosis, 
even  though  all  other  symptoms  of  this  disease  are  absent.  So  much 
greater  then  tlie  necessity  for  ophthahnologists  to  know  .something  of 
this  disease,  however  unpromising  its  therapeutic  prospect. 

Treatmrnt.  Prophylaxis  and  causal  treatment  are  futil(\  Tlie  rapid 
development  of  weakness  and  spastit-  pai-alysis  early  in  llie  disease 
frequently  r;ills  for  prolonged  rest  in  bed.  'IMin-c  arc  few  diseases 
in  which  tlirrc  is  a  moi'c  |)ron()un('i'(|  tciidciicy  to  rcniissions  and 
exacerbations,  and  in  cadi  acute  aggi'a\alion  a  rest  cure  may  proNc 
necessary.  .Miidi  hcndil  wlicn  in  or  ont  of  lied  is  to  Iw  dei-ived  from 
the  employment,  I'oc  liotli  iipin^r'  ;iiid  lowcf  extremities,  of  the  Krcjikel 
exercises  (vide  Tabes,  modilicd  io  snit  the  mnscular  and  motor  im- 
pairment in  each  case.      In   no  instance  woidil    it    be  wise  to   |ii\ic|ice 
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one  system  of  g.vinnasties  continuously.  Only  as  the  symptoms  war- 
rant should  a  graded  system  of  exercise,  massage  and  movements,  and 
bathing  combined,  be  carried  to  the  point  of  a  good  gain,  and  then 
interrupted  until  the  next  evidence  of  decline  appears. 

Good  nutrition  must  be  maintained  and  re-enforced  by  plenty  of 
fresh  air.  various  "water  cures"  and  resorts,  where  the  equable  divi- 
vision  of  rest  and  diversion  will  materially  influence  all  parts  of  the 
body  and  conserve  the  general  strength.  Daily  baths  are  permissible, 
but  the  temperature  should  never  exceed  90°  to  95°.  Electrotherapy 
is  of  no  value,  and  may  prove  harmful. 

In  the  chronic  spinal  diseases  it  has  been  the  habit  to  give  the 
iodides  in  small  doses  (sodium  iodide,  gr.  x-xx  daily)  for  a  long  period 
of  time,  but  I  am  unable  to  confirm  the  appreciable  improvement 
noted  by  others  in  cases  so  treated.  Apparent  benefit  has  come  from 
the  judicious  use  of  arsenic,  quinine,  cod  liver  oil  and  other  tonic 
drugs.  In  the  terminal  stages,  when  cystitis  and  decubitus  supervene, 
appropriate  measures  are  indicated. 

In  all  the  efforts  at  treatment,  a  proper  value  must  be  placed  upon 
the  tendency  to  spontaneous  remissions.  What  has  been  said  of  the 
enormous  importance  of  suggestion  and  mental  therapy  in  chronic  in- 
validism from  tabes,  applies  with  equal  force  in  multiple  sclerosis. — 
(A.  C.  C.) 

Dissepiment.     (F.)     Septum  ;  diaphragm  ;  partition. 

Dissimilation.  This  is  a  term  applied  by  Hering  to  the  decomposition 
of  the  visual  substances  aroused  by  the  sensation  of  white  as  well 
as  by  two  primary  colors.  The  assimilation  of  these  agents  arouses  in 
the  one  case  the  sensation  of  black,  and  of  the  two  others  colors  which 
are  complementary  to  them. 

Dissimulation,  Ocular.  The  pretense  that  an  actual,  existent  disease  or 
injury  of  the  eye  does  not  exist.  See  Legal  relations  of  ophthal- 
mology, about  the  middle  third  of  the  section. 

This  subject  is  also  fully  discussed  by  Segelken  (BerUn.  Klin. 
WochcnscJir.,  Sept.,  1913,  p.  1763)  and  dissimulation  goggles,  for  the 
detection  of  pretenders,  pictured  and  described. 

Dissipable.    Liable  to  dispersion. 

Dissociation.    See  Dlsassociation. 

Dissolving"  views.  Pictures  shown  on  a  screen,  and  made  to  change 
gradually  into  the  succeeding  pictures. 

Dissymmetric.     Dissymmetrical.    AVithout  symmetry. 

Distacco  della  coroide.     (It.)    Detachment  of  the  choroid. 

Distacco  della  retina.     (It.)    Detachment  of  the  retina. 
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Distalbrille.  The  trade  name  (Zeiss)  of  double  lenses  mounted  in  spec- 
tacle frames,  like  opera  glasses,  for  improving  the  vision  of  high 
myopes  and  other  weak-sighted  patients.  They  are  furnished  for  both 
distance  and  near  work. 


Distalbrille   ( — 16.   D.j   with  Astigmatic  Lenses.     (Zeiss.)     Other  lenses  may 
also  be  added. 

Distance,  Estimation  of.  Donders  (Accommodation  and  Refraction  of 
the  Eye,  p.  158)  points  out  that  with  differences  in  the  distances, 
magnitude,  and  form  of  objects,  are  connected  peculiar  modifications 
in  the  requisite  movements  of  the  eyes,  in  the  accommodation  and 
chiefly  in  the  retinal  images ;  and  in  the  changes,  which  these  undergo 
by  accommodation,  and  by  movements  of  the  eyes  or  of  the  head,  and 
of  the  whole  body.  It  is  exclusively  from  these  modifications  that  the 
mind  is  in  a  position  to  form  an  opinion  as  to  distance,  magnitude, 
and  form.  This,  however,  for  the  most  part,  takes  place  spontaneously, 
quite  involuntarily,  or  at  least  without  consideration.  The  rapidity 
of  the  judgment,  without  analysis  of  the  elements  on  which  it  is  based, 
is  the  result  of  practice,  partly  of  the  individual,  partly  of  his  parents, 
and  is,  in  the  latter  sense,  innate.  In  the  first  place,  we  observe  that 
the  estimation  of  distance  and  that  of  magnitude  are  correlative. 
Three  cases  are  to  be  distinguished.  (1)  We  know  tlic  true  magni- 
tude of  th(.'  object,  and  thence  form,  by  the  magnitude  of  the  retinal 
image,  our  opinion  as  to  the  distance;  (2)  we  know  the  distance  and 
base  thereupon  our  opinion  of  the  magnitude;  (8)  distance  and  magni- 
tude are  both  imperfectly  known,  and  Hirough  reciprocal  infiuence 
an  idea  is  developed,  which  brings  both  into  connection  with  one 
another,  and  thus  at  tlie  same  time  more  accurately  defines  tliciii.  The 
connection  just  mentioned  between  our  estimation  of  distance  and  of 
magnitude  is  particularly  .striking  when  we  project  the  ocnhir  spec- 
trum of  a  fiaine  upon  a  wall,  in  wliich  ca.se  we  suppose  the  fianic 
larger,  in  proportion  as  we  withdraw  fi-om  the  \\;ill.  nml  smallcf  in 
proportion  as  we  approach  it,  notwithstamling  tiiat  the  retinal  image 
of  course  remains  unchan^^'d. 
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Distance,  Focal.  Focal  length.  As  has  been  several  times  pointed 
out  untler  appropriate  headings,  the  value  of  the  lens  in  physiologic 
optics  is  to  cause  the  rays  of  a  pencil  of  light  to  converge  towards  or 
diverge  from  a  certain  point.  The  point  at  which  the  pencil  of  light 
is  concentrated  is  called  a  focus,  and  the  focus  for  a  pencil  of  parallel 
rays  is  the  principal  focus;  while  its  distance  from  the  lens  is  its 
principal  focal  disfaiicc,  or  focal  distance. 

Distance  sense  of  blind.    See  Blind,  Distance  sense  of. 

Distant  org-ans,  Operations  on,  for  relief  of  eye  symptoms.  These  pro- 
cedures are  discussed  under  various  appropriate  headings.  See,  for 
example,  Brain  tumor,  as  well  as  Brain  puncture,  and  Decompres- 
sion. Additional  captions  are,  for  example,  Thjnroidectomy  and 
Exothyropexy ;  also  Sympathectomy.  Such  subjects  as  Exophthal- 
mus,  Pulsating,  and  Exophthalmic  goitre  also  furnish  illustrated 
descriptions  of  procedures  employed  in  their  operative  treatment. 
See,  in  addition,  the  heading  General  surgery  in  its  relation  to 
ophthalmology. 

Distanzametropie.     (G.)     Anomalies  of  distant  vision. 

Distanzschatzung.     (G.)     Estimation  of  depth. 

Distention  theory.  This  is  the  well-known  mechonical  or  distention 
theory  of  retinal  detachment.  It  originated  with  von  Graefe  and  is 
referrable,  chiefly,  to  highly  myopic  eyes  in  which  the  condition  is 
frequently  observed.  The  elongation  of  the  antero-posterior  axis  of 
the  eyeball,  assisted  by  the  accompanying  hyperemia,  was  supposed 
to  drag  from  its  place  the  retinal  membrane. 

Distichiasis.  Trichiasis.  Misplaced  cilia.  An  abnormal  direction  of 
some  or  all  of  the  eyelashes,  so  that  they  are  arranged  more  or  less 
regularly  in  two  rows,  the  affected  ones  rubbing  against  the  eyeball, 
where  they  cause  irritation  and  inflammation,  and  invite  dangerous 
infection  of  the  ocular  structures.  This  subject  has  already  been 
fully  discussed  in  Vol.  Ill,  p.  2216  of  this  Encyclopedia.  It  may, 
however,  be  added  here  that  a  few  recent  operations  have  been  de- 
vised for  relief  of  this  condition.  One  of  these  is  the  operation  pro- 
posed by  Marquez  {ArcMvos  de  Oftalmologia,  Feb.,  1910),  which  is 
a  modified  combination  of  the  Jaesche-Arlt  operation  for  transplanta- 
tion of  the  ciliary  margin,  with  one  recently  suggested  by  Santa  Cruz, 
of  ]\Iadrid,  for  treatment  of  distichiasis.  The  steps  of  the  operation 
are  as  follows:  The  lid  is  held  hy  means  of  forceps,  which  have  been 
modified  by  Marquez  from  those  of  Snellen  by  making  that  part  of 
the  fenestrated  blade  which  corresponds  to  the  lid-margin  continuous 
instead  of  open.  Along  the  free  margin  of  the  lid  two  incisions  are 
made,  connected  at  their  ends,  and  including  between  them  the  area 
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containing  the  supernumerary  lashes.  A  semilunar  piece  of  tissue  is 
removed  from  the  anterior  surface  of  the  lid  according  to  the  Jaesche- 
Arlt  method.  The  posterior  incision  on  the  lid-margin  is  then  ex- 
tended deeply,  so  as  to  reach  to  the  area  involved  in  the  Jaesche-Arlt 
procedure,  thus  separating  this  part  of  the  lid  into  two  layers.  The 
anterior  layer  is  again  divided  into  two  layers  by  extension  upward 
of  the  second  marginal  incision,  which  now  meets  the  first  in  such 
fashion  as  to  remove  the  tissue  containing  the  supernumerary  lashes. 
The  lid  forceps  being  removed,  the  loose  anterior  layer  containing  the 
normal  cilia  is  transplanted  upwards,  so  as  to  take  the  position  for- 
merly occupied  by  the  tissue  removed  according  to  Jaesche-Arlt. 

Sameh  Bey  {Clin.  Opht.,  Vol.  18,  p.  301,  1911)  has  modified  the 
operation  of  Anagostakis-Panas  for  trichiasis  in  the  two  following 
points:  1.  Drawing  down  the  inferior  border  of  the  tarsal  flap  to 
form  a  small  pad  below  the  ciliary  border.  This  new  position  pre- 
vents the  cilia  from  turning  inward  against  the  cornea.  2.  Placing 
the  sutures  deeply  in  the  upper  parts  of  the  tarsus  and  suspensory 
ligament.  This  procedure  results  in  the  formation  of  vertical  cicatrices 
whose  subsequent  contraction  prevents  prolapse  of  the  lid  and  main- 
tains the  ciliary  border  in  its  new  position.  With  these  modifications, 
relapses  are  rare. 

Grout  {Arch,  of  Ophih.,  Vol.  40,  p.  296,  1911)  has  operated  upon 
seven  cases  by  von  Blaskovics'  method.  The  first  incision  is  made 
about  2  or  3  mm.  from  the  lid  margins,  down  to  the  tarsus,  parallel 
to  the  lid  border.  The  hair  follicles  must  be  avoided.  A  second 
incision  is  made  1  mm.  from  the  first,  and  parallel  to  it.  This  leaves 
an  island  of  skin  and  underlying  tissue  1  mm.  ])road  attached  to  the 
tarsus.  Tlie  lid  is  now  split  by  an  incision  in  the  intermarginal  space, 
connecting  with  the  first  incision,  thus  freeing  a  strip  containing  the 
cilia.  The  island  of  skin  is  now  deflected  and  brought  down  to  the 
intermarginal  cut,  with  the  skin  surface  sliowing  on  tlie  lid  margin ; 
and  is  secured  there  by  two  mattress  sutures.  Wicherkit'wicz  (Graefe's 
Arch.  f.  Ophth.,  Vol.  80,  p.  439,  1911)  states  the  historical  position  of 
liis  operation,  wliich  was  never  described  in  an  eye  journal,  but  was 
pul)lisli('(l  in  1888  in  the  B(  rliiK  r  Kliiiischr  Wocht  u.^chrifl.  He  quotes 
sections  of  this  original  account,  and  dcsciitics  llie  steps  of  tlie  opera- 
tion as  he  now  performs  it. 

Chronis  (Arch,  di  OIL,  Vol.  19,  p.  100,  1911  ;  .1////.  of  Ophth.,  Vol. 
21,  p.  797,  1911)  gives  a  description  of  his  father's  operation  for 
trichiasis  and  cntr()i)ion  of  both  lids:  An  incision  into  the  skin  3  mm. 
from  the  margin,  removal  of  the  paljx-bral  and  Horner's  muscles,  and 
of  successive  layers  of  the  tarsus  until  a  deep  fui-i-ow  has  l)een  made. 
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The  skiu  above  the  margin  is  then  sewed  to  the  tarso-orbital  fascia, 
and  allowed  to  unite  by  secondary  intention.  An  intermarginal  in- 
cision 1  mm.  deep  just  behind  the  cilia  completes  the  operation. 

Begle  {Arch.  f.  Augenheilk.,  Vol.  74,  p.  62,  1912)  adds  one  to  a 
total  of  about  twenty-five  cases  of  congenital  distichiasis  previously 
reported  in  the  literature.  The  patient  was  a  woman  of  thirty  years. 
The  posterior  row  of  cilia  lay  close  to  the  eyeball,  and  during  move- 
ments of  the  globe  rubbed  the  cornea  with  their  entire  length.  The 
anomaly  was  more  marked  on  the  lower  than  on  the  upper  lids.  The 
posterior  row  of  lashes  sprang  from  the  normal  position  of  the  open- 
ings of  the  Meibomian  glands.  Here  and  there  on  each  lid  margin 
was  a  glandular  opening  in  line  with  the  cilia.  Some  of  the  cilia  were 
removed  by  electrolysLs,  but  the  greater  part  by  excision  of  a  strip 
of  the  posterior  lid  margin,  the  defect  being  filled  with  mucous  mem- 
brane from  the  lip.  Microscopic  study  showed  absence  of  the  Mei- 
bomian glands,  which  were  represented  by  hyperplastic  sebaceous, 
glands,  discharging  into  the  follicles  of  well-developed  accessory  cilia, 
and  also  by  small  simple  sebaceous  glands  irregularly  scattered  just 
beneath  the  lid  margin  and  discharging  upon  its  surface.  See  the 
major  heading  Entropion  (trichiasis). 

Distilled  water  of  eyebright.  A  once  popular  preparation  made  by  dis- 
tilling off  one-half  [two-thirds  {iSard.  Ph.,  1773)]  from  a  mixture  of 
1  part  of  the  herb  of  Euphrasia  officinalis  (q.  v.)  and  2  parts  of 
water  (Palat.  Disp.,  1764),  or  by  mixing  10  parts  of  the  herb  and 
25  of  water,  and  distilling  off  20  parts. 

Distinctions- Vermogen.     (G.)     Visual  acuity. 

Distinzione  della  cheratite.     (It.)    Diagnosis  of  keratitis. 

Distoechia.     (L.)     An  obsolete  synonym  of  distichiasis. 

Distoechiasis.     (L.)     An  ancient  name  for  distichiasis. 

Distoma.  Distomum.  The  old  name  of  a  group  of  Trematoda  or 
tluke.s,  one  or  two  species  of  which  have  been  reported  as  occurring 
in  the  human  eye.  The  name  has  now  no  scientific  standing.  The 
two  forms  in  question,  found  only  once  each  in  man,  are  properly 
known  as  Aganiodistomiim  ophtludmohium  and  Monostomulum  lentis.; 
they  have  been  variously  designated  as  Distomum  ocularc,  D.  oculi 
humani,  D.  ophthalmohitim.,  Dicrococlinm  oculi  Jiumani,  etc.  The  first 
form  was  o])served  and  described  by  von  Nordmann  in  1832,  as  fol- 
lows :  "In  the  cour.se  of  the  month  of  May  Professor  Jiingken  removed 
the  lenses  from  two  elderly  blind  women.  I  was  present.  The  second 
case  furnished  the  first  instance  of  the  presence  of  microscopic 
trematodes  in  the  human  eye,  as  eight  specimens  of  monostomes  lay 
in  the  lens  substance.     The  animals  were  found  in  the  outer  layers  of 


DISTOMA  OPHTHALMOBIUM  [DIESING]  4049 

the  lens,  were  0.1  line  long,  and  moved  slowly  after  they  had  been 
put  into  warm  water.  The  investigation  was  made  immediately  after 
the  operation."  This  description  is  sufficiently  indetinite  to  occasion 
discussion  as  to  the  real  character  of  the  objects.  They  were  undoubt- 
edly immature  forms  and  it  is  also  clear  that  the  case  referred  to  i.s 
still  unique. 

In  the  same  year  Ammon  described  in  great  detail  the  case  of  a 
child  in  Dresden  with  congenital  hard  and  soft  cataract.  At  the 
autopsy  the  eye  was  removed  and  ' '  Gesehiedt,  who  studied  under  the 
microscope  the  lens  substance  with  reference  to  the  entozoa  discov- 
ered in  the  opaque  human  lens  by  von  Nordmann  in  Odessa,  found 
4  distomes  of  the  presence  of  which  I  likewise  convinced  myself  at 
the  autopsy."  Gesehiedt  did  not  venture  to  determine  the  species. 
He  gives  the  size  as  one-fourth  to  one-half  of  a  line  in  length.  When 
extended  the  animal  had  a  lanceolate  form,  with  length  to  breadth 
in  proportion  of  3  :1.  The  color  was  white.  The  anterior  sucker  was 
one-third  smaller  than  the  ventral.  The  pharynx  was  short  and 
narrow,  and  connected  directly  with  an  intestinal  canal  of  nearly 
equal  caliber.  The  latter,  divided  somewhat  in  front  of  the  ventral 
(median)  sucker,  extended  on  both  sides  of  the  latter  to  the  caudal 
end,  and  there,  covered  by  the  ovaries,  could  not  be  followed  further. 
Of  the  organization  of  the  ovaries  nothing  definite  was  to  be  recog- 
nized. * '  In  one  individual  I  thought  I  could  detect  the  irregular  trans- 
verse position  of  the  cotyledons."  Some  years  later  Ammon  published 
four  figures  of  the  parasite  which  do  not  agree  with  each  other  or 
with  the  description  given  by  Gesehiedt.  As  in  the  other  case  no 
agreement  has  been  reached  as  to  the  origin  and  relationship  of  the 
parasite.  Both  parasites  are  certainly  erratic  in  their  occurrence  in 
the  eye  and  probably  even  abnormal  in  their  presence  in  the  human 
host.  However,  since  various  flukes  are  not  uncommon  in  domestic 
animals,  and  some  occur  freciuently  in  the  eye,  the  presence  of  such 
a  parasite  occasionally  in  the  human  eye  may  confidently  be  predi- 
cated.—  (II.  1>.  AV.)     For  ftnilicr  data  on  tlicsc  foi-ms  sec  Paj-asites, 

Ocular. 

Distoma  ophthalmobium  |Diesing|.  A  variety  from  i/4  to  Mi  a  line 
long,  with  hirge  siickei-s  and  a  forked  intestinal  canal,  and  without 
sexual  organs;  found  between  the  crystalline  lens  and  its  capsule. 
By  some  it  is  regarded  as  an  iiniiintiire  Distoma  h<p(iiirum.  See 
Distoma. 

Distorted  image.  An  image  whose  iiiieai-  dinieiisiotis  do  not  liear  the 
same  relative  proportion  to  each  other  as  concspoiiding  diiiieiisions 
in  the  object.    See.  also,  Imag-e.— (C.  F.  P.) 
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Distortion.  In  optics,  a  form  of  aberration  in  which  the  image-area 
is  not  an  entirely  faithful  reproduction  of  tlie  object  area.  An  image 
which  is  free  from  distortion  is  exactly  similar  to  the  object  in  its 
entire  extent,  and  is  called  orthoscopic,  or  "angle  true,"  because 
straight  lines  are  reproduced  as  straight  line«,  and  homologous  angles 
in  the  object  and  the  image  are  equal.  When  an  image  is  formed  by 
paraxial  rays  neither  linear  nor  angular  distortion  exists,  but  when 
the  image  is  formed  by  peripheral  rays — as  in  the  case  of  the  eyepiece 
of  a  telescope — there  will  be  linear  distortion  in  the  image ;  and  if 
the  eye  is  not  on  the  axis  of  the  lens,  or  if  the  faces  of  the  lens  are  not 
perfect  surfaces  of  rotation,  there  will  be  angular  distortion.  In  all 
cases  of  oblique  reflection  or  refraction,  the  image  does  not  in  general 
consist  of  an  assemblage  of  points,  but  of  circles  of  confusion  over- 
lapping each  other,  and  it  is  therefore  called  indistinct.  A  lens  which 
projects  an  orthoscopic  image  is  called  a  "rectilinear  lens."  Barrel- 
shaped  distortion,  a  decrease  in  the  magnification  towards  the  margin 
of  the  field  produced  by  a  lens-system  in  which  the  ratio  tan  6" ; 
tan  6  of  the  slope-angles  decreases  as  the  slope-angle  6  (which  see) 
increases,  so  that  spaces  of  equal  area  in  the  object-plane  appear  as 
distorted  spaces  of  gradually  decreasing  size  towards  the  edges  of  the 
image.  Also  called  negative  distortion.  Cushion-shaped  distortion, 
an  increase  in  the  magnification  towards  the  margin  of  the  field  pro- 
duced by  a  lens-system  in  which  the  ratio  taxi  6' :  f^n  6  increases  as 
the  slop-angle  6  also  increases,  so  that  spaces  of  equal  area  in  the 
object-plane  will  appear  distorted  into  spaces  of  gradually  increasing 
size  towards  the  edges  of  the  image.  Also  called  positive  distortion. — 
(C.  F.  P.) 

Distortion  of  skull.     Cranial  asymmetry.    See  Cranial  deformities. 

Distributive  cells.       See  page  1923,  Vol.  Ill,  of  this  Encyclopedia. 

Districhia.    An  old  name  for  distichiasis. 

Districhiasis.    An  obsolete  synonym  of  distichiasis. 

Districhosis.    An  unused  synonym  of  distichiasis. 

Distruzione  del  sacco  lagrmiale.  (It.)  Extirpation  of  the  lachrymal 
sac. 

Disturbi  visivi  senza  reperto  ottalmoscopico.  (It.)  Visual  disturb- 
ances without  ophthalmoscopic  changes. 

Disuse-amblyopia.  Argamblyopia.  Defective  vision  from  non-use  of 
the  eye. 

Diszissionsgabel.     (G.)     Instrument  for  discission  of  the  lens. 

Ditain.  Echitamine.  A  bitter,  astringent  alkaloid  from  the  bark  of 
Alstonia  scholaris,  an  East  Indian,  Philippine  and  Australian  tree. 
It  is  a  poisonous  agent,  acting  on  the  system  (and  ocular  apparatus) 
almost  the  same  as  curare. 
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Dithymol  diiodide.    See  Aristol. 

Ditrichiasis.  (L.)  One  of  the  numerous,  discarded  synonyms  of 
distichiasis. 

Dittany.    The  common  English  phint,  Dictamnus  albus.    See  Diptam. 

Dittopia.     (L.)     Diplopia. 

Dittopsia.     (L.)     (Obs.)     Diplopia. 

Dittorrhaphis.     (L.)     A  double  couching-needle,  and  its  employment. 

Diurnal  motion.  The  apparent  motion  of  the  heavenly  bodies  from 
east  to  west. 

Diurne.     (F.)    Daily. 

Divaricatio  palpebrarum.     (L.)     An  obsolete  term  for  ectropion. 

Divergence.  Exophoria.  Exotropia.  The  separation  of  the  eyes  from 
each  other  by  abduction  of  one  or  both.  As  a  rule  we  regard  the 
oculo-muscular  condition  in  convergence  as  being  the  exact  opposite 
of  divergence.  Although  this  is  not  always  exactly  true,  yet  in  excess 
of  divergence  there  is  exophoria  for  both  the  di-stance  and  near  fixation. 
The  convergence  near  point  is  nearly  normal.  The  adducting  power 
is  low  (or  it  may  be  normal)  and  the  abducting  power  is  excessive. 
In  insufficiency  of  divergence  there  is  esophoria  for  distance  and 
orthophoria  or  possible  exophoria  for  near.  The  convergence  near 
point  is  normal.  The  adducting  power  is  normal  and  the  abducting 
power  is  greatly  diminished. —  (J.  M.  B.) 

A  series  of  exi)eriments  was  made  by  C.  O.  Roelofs  (Graefe's  Archiv 
fiir  OphthiiJ.,  Ixxxv,  page  66)  to  determine  the  maximal  divergence 
in  different  states  of  acconi)nodation;  the  relative  position  of  rest  while 
fixing  an  object  at  consideral)le  distance,  and  during  stimulation  of 
accommodation  by  negative  lenses;  and  finally  the  relative  position 
of  rest  during  fixation  of  an  object  at  varioiLS  distances.  It  was 
found  that  with  practice  and  patience  the  experimenter  reached  the 
same  maximum  of  divergence,  whatever  the  amount  of  accommo- 
dation exerted,  and,  vice  versa,  that  with  any  degree  of  divergence 
any  amount  of  accommodation  within  the  normal  range  could  be  used. 
During  monocular  vision  the  exophoria  became  gradually  greater  in 
the  course  of  half  an  hour,  and  during  monocular  vision  with  accom- 
modation the  association  between  accommodation  and  convergence  be- 
came gradually  less  pronounced. 

The  i)osition  of  i-est  was  determined  in  93  persons  with  emmetropia, 
80  with  myoi)ia  and  60  with  hyperopia.  As  emmetropes,  were  reckoned 
those  persons  wlio  had  not  more  than  0.5  D.  myopia  or  hyperopia  in 
either  meridian.  The  infiucnce  of  the  refractive  condition  on  the  [XJsi- 
tion  of  rest  is  shown  grajjhically  and  in  a  series  of  tablrs. 

Roelofs  concludes  that  tlie  anatomical   position  of  I'cst   of  tlic  eyes 
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of  almost  all  human  beings  is  exophoria ;  orthophoria  is  the  result  of 
convergence  innervation ;  the  strong  inclination  to  orthophoria  in 
emmetropes  and  amotropes  with  good  binocular  vision  is  the  result 
of  well-developed  associations,  in  the  first  place  between  innervation 
for  accommodation  and  for  convergence,  and  secondly,  between  the 
idea  of  distance  and  innervation  for  convergence ;  these  two  associa- 
tions, acquired  through  experience,  can  only  be  developed  in  the  pres- 
ence of  good  binocular  vision. 

In  the  presence  of  binocular  vision,  hyperopia  often  causes  marked 
esophoria.  JMyopia  more  frequently  produces  exophoria,  although  at 
times  it  results  in  esophoria ;  while  the  esophoria  of  hyperopes  depends 
upon  the  assistance  afforded  by  convergence  to  the  stronger  accommo- 
dation needed  for  sharp  vision,  the  exophoria  of  myopes  results  from 
the  absence  of  association  between  accommodation  and  convergence. 
If  binocular  vision  is  abolished,  the  sense  of  distance  can  cause  con- 
vergence innervation,  but  convergence  is  not  necessary  for  accommo- 
dation. 

The  esophoria  of  myopes  may  be  explained  on  the  basis  of  a  giving 
up  of  binocular  vision  for  distance  on  account  of  the  poor  visual 
acuity,  whereas  at  close  range,  binocular  vision  is  retained,  these  con- 
ditions resulting  in  the  development  of  an  association  between  the 
perception  of  retinal  stimuli  and  a  certain  degree  of  convergence. — 
{OpMhalmic  Literature,  Oct.  1913,  p.  157.)  See,  also,  Muscles, 
Ocular;  as  well  as  Exophoria. 

Divergent.    Separating  from  a  common  centre. 

Divergent  lens.  A  concave  lens  that  causes  refracted  rays  of  light  to 
diverge  from  a  virtual  focus. 

Divergent  rays.  Rays  that  continually  separate  or  diverge  further  and 
further  from  each  other,  the  more  they  recede  from  the  object. 

Divergent  squint.  Divergent  strabismus.  Exotropia.  External 
SQUINT.  The  permanent  monocular  variety  is  the  most  common,  but 
the  alternating  form  is  more  frequent  than  in  convergent  squint.  As 
a  rule,  divergent  squint  appears  later  in  life  than  does  convergent, 
because  it  is  usually  associated  with  high  degrees  of  myopia,  which 
condition,  for  the  most  part,  is  an  acquired  anomaly.  It  is  also  seen 
as  a  sequel  of  insufficiency  of  convergence — a  condition  which  may 
be  met  with  in  any  state  of  refraction.  Excessive  divergence  of  the  axes 
of  the  orbit  in  the  course  of  the  development  of  the  skull  may  lead  to 
divergent  strabismus  (Weiss).  Diplopia  is  of  more  frequent  occur- 
rence than  in  convergent  squint,  probably  because  binocular  vision 
has  been  maintained  to  a  later  period  of  life. —  (J.  M.  B.)  See 
Muscles,  Ocular. 
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Diverg-enza.     (Tt.)    Divergence. 

Divergenzbreite.     (G.)     Amplitude  or  extent  of  divergence. 

Diverg-enzfernpunkt.     (G.)     The  piinctnm  reniotnin  of  divergence. 

Divergenzlahmung.     (G.)     Paresis  of  divergence. 

Diverg-enzschielen.     (G.)     Divergent  squint. 

Divergenzwinkel.     (G.)    Angle  of  divergence. 

Diverging-  lens.    A  concave  lens,  that  causes  refracted  rays  of  liglit  to 

diverge  from  a  virtual  focus. 
Diverging  meridians.     This  is   a   term    used   in   connection   with   an 

examination   for   lieterotropia.     The   ocular  meridians  diverge  when 

the  upper  extremity  of  one  vertical  meridian  is  directed  towards  the 

temple  while  the  same  meridian  of  the  opposite  eye  continues  to  be 

perpendicular. 
Divided  spectacles.    Franklin  glasses.     Bifocal  lenses.     Spectacles, 

each  lens  of  whicli  consists  of  two  parts,  one  for  distant  and  one  for 

near  sight. 
Divider,  Nesfield's  ligament.     A  small,  .sharp-pointed  instrument  for 

operating  on  the  ocular  muscles. 


Nesfield  's  Ligament  Divider. 

Diving  birds,  Vision  of.  As  Hess  and  others  have  shown,  the  accom- 
mochition  of  diving  birds  (Cormorants,  Grebes,  Loons)  is  a  problem 
of  much  complexity  and  great  interest.  In  the  pursuit  of  their  prey 
they  must  be  guided  first  by  distant  vision  in  air  and  then  in  a  few 
minutes  by  near  vision  under  water,  and  inasmuch  as  the  refracting 
action  of  the  cornea  is  eliminated  under  water  an  enormous  eflt'ort  of 
accommodation  becomes  necessary  (the  human  eye  would  i'(M|uire 
some  forty  additional  diopters).     See  Comparative  ophthalmology. 

Division  of  cataract.    Discission. 

Divixtus.  A  Gallic  physician  whose  name  a|)i)i'ars  u])()n  one  of  the 
ancient  oculistic  seals.  He  probably  (h)urislic(l  in  the  second  ov  third 
centiity  A.  I).     Nothing  eLse  is  known  about  him. 

Divulsor,  Prince's.  An  instrument,  shaped  like  a  stiahismiis  hook,  em- 
])l()ve{l   to   separate  a   })terygium    from    its  attacluiient    to  the  eyeball. 

See    the    (ij,'nre. 

Dix,  John  H.  An  eminent  American  oplit  halmoh)gist ,  the  lirst  in  tlu^ 
Xeu    World  to  perform  Dieffenbach 's  operation  lor  strabismus.     liorn 

at   l>ost()n   in    ISi:^,   he   received   the  (|e<;ree  of   i5achelor  of   ,\rts   fi'om' 
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Harvard  College,  in  1838,  and  that  of  Doctor  in  Medicine  from  Jef- 
ferson JMedical  College,  Philadelphia,  in  1836.  In  1846  he  studied  the 
eye  in  vai'ious  European  universities.  He  practised  in  Boston,  where 
he  had  a  large  following  and  was  very  skilful.  He  died  in  1884. — 
(T.  H.  S.) 


Johu  H.  Dix. 


Dixon,  James,  Born  in  1813,  he  became  in  1836,  a  Member,  and,  in  1843, 
a  Fellow,  of  the  Royal  College  of  Surgeons.  He  j^ractised  in  London 
for  many  years,  at  first  in  Green  St.,  afterwards  in  Portman  Square, 
He  was,  for  a  time,  assistant  at  St,  Thomas's  Hospital  and  Surgeon 
to  the  London  Ophthalmic  Hospital. 

He  was  not  a  prolific  writer,  although  he  published  A  Guide  to  the 
Practical  Study  of  Diseases  of  the  Eye  (2d  ed,,  1859;  3d  ed.,  1866), 
and  the  article,  "Diseases  of  the  Eye,"  in  Holmes's  System  of  Sur- 
gery was  written  by  him.  He  also  wrote  a  few  brief  articles  and 
letters  for  medical  journals. 
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Dixon  was  a  gentleman  of  the  old  school,  affable,  courteous  and  ex- 
tremely obliging.  The  British  Medical  Journal  speaks  of  his  "high- 
bred and  courteous  personal  bearing."  All  agree  that  a  better  and 
more  loyal  friend  could  never  have  existed.  And  every  human  being 
seemed,  potentially  at  least,  to  be  his  friend. 

In  1870  he  met  with  a  sorrow  from  which  he  was  never  able  to 
recover — the  death  of  his  wife.  Very  soon  after  this  blow,  he  left 
London,  and,  retiring  to  his  country  home  at  Dorking,  spent  the  re- 
mainder of  his  life  (more  than  a  quarter  of  a  century)  in  the  study 
of  history  and  literature.  In  the  retirement  of  this  country  home  he 
died  Jan.  6,  1896,  aged  82.— (T.  H.  S.) 

Dobell's  solution.  Liquor  antisepticus  alkalinus.  Alkaline  anti- 
septic. A  rather  formidable  array  of  drugs  is  used  in  this  well-known 
preparation.  As  commonly  published  the  formula  is :  Potass,  bicarb., 
Sodii  benzoat.  aa  32.00;  Borax,  8.00;  Thymol,  Euclyptol,  01.  menth. 
pip.  aa  0.20 ;  01.  gaultheriae  0.40 ;  Tinct.  persionis  15.00 ;  Alcohol  60.00 ; 
Glycerin  250.00 ;  Aqua  dest.  ad  1000.00. 

The  directions  are  to  "dissolve  the  potassium  liicarbonate,  sodium, 
benzoate  and  borax  in  six  hundred  and  fifty  (650)  cubic  centimeters 
of  water;  the  thymol,  eucalyptol  and  oils  in  the  alcohol.  Mix  the  alco- 
holic solution  with  the  glycerin  and  add  the  aqueous  li(iuid,  then  the 
tincture  of  cudbear,  and  lastly  enough  water  to  make  one  thousand 
(1000)  cubic  centimeters.  Allow  to  stand  a  few  days,  then  filter,  add- 
ing a  little  magnesium  carbonate  |or  a  little  purified  talc]  to  the 
filter,  if  necessaiy,  to  get  a  brilliant  filtrate." 

This  mixture  is  more  frequently  used  in  rhinology  than  in  ophthal- 
mology', but  G.  E.  Blackham  prefers  it  as  a  hot  ])ath  to  the  eye  in  all 
inflammatory  diseases  of  that  organ.  He  employs  it  as  a  5  to  10  per 
cent,  solution  for  this  purpose. 

Dochmiasis.  DociiMiosms.  Ankylostomiasis.  See  page  487,  Vol.  I  of 
this  E)i([ichij)(  (I  la. 

Dochmius  ankylostomus.  Dociimius  cernuus.  Documius  duodenalis. 
AxK^LosToMA  nroDENALE.  A  parasite  found  in  the  intestinal  canal 
of  man,  giving  ri.se  to  the  disease  ankylostomiasis.  See  Vol.  I,  p.  490 
of  this  Kucj/rloprdla. 

Dodecagon.      A    polygon   of  twelve  sides  and  ;in<il('S. 

Dodoens,  Rembert.  I  le  was  also  called  Dodonee  and  Dodonaens.  Horn 
at  Meelieln.  Holland,  .hiiK-  29,  1517.  lie  studied  medicine  ;it  Lyons, 
afterwards  Iravdling  in  P'ram-e,  Italy  and  Geimany.  lie  was  for  a 
slioT't  time  liody-physieian  to  Maximilian  II  and  lOniperor  Kiidolj)iK 
At  length  he  heeame  professoi'  of  botany  at  Lcyden,  where  he  died 
March  10,  1585. 
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He  seems  to  have  been  a  man  of  warm  heart,  and,  in  spite  of  his 
Plemish  ancestry,  of  considerable  irascibility.  He  was,  beyond  all  ques- 
tion, one  of  the  most  learned  physicians  of  his  time. 

In  addition  to  numerous  valuable  works  of  a  wholly  general  char- 
acter, he  wrote  ^'Praxis  Mcdica"  (Amsterdam,  1616)  which  contains 
a  chapter  on  ophthalmology. —  (T.  H.  S.) 

Dodonaeus,  A  Dutch  physician  of  the  16th  century,  who  gave  some 
attention  to  ophthalmology.     See  Dodoens,  Rembert. 

Dodonee.  A  Dutch  physician  of  the  16th  century,  who  gave  some 
attention  to  ophthalmology.     See  Dodoens,  Rembert. 

Dog.  The  brain  of  a  young  dog  was  highly  esteemed  by  Pliny  as  a 
remedy  for  what  was  then  called  "glaucoma."  Dog's  milk  was  also 
used  as  an  ocular  depilatory. —  (T.  H.  S.) 

Dogiel,  Jan  von.  A  celebrated  Russian  physiologist,  much  of  whose 
work  has  been  important  for  ophthalmology.  He  was  born  Mar.  7, 
1830,  at  Zalesia,  in  Lithuania.  After  his  general  training  in  the  gym- 
nasium at  Kowno,  he  entered  the  Medico-Chirurgical  Academy  at  St. 
Petersburg.  Later  he  proceeded  to  Moscow,  where  he  received  the 
degree  of  Doctor  in  Medicine  in  1863.  After  a  luimber  of  years  in 
political  and  military  service,  he  studied  at  Heidelberg  under  Helm- 
holtz,  Kirchhoff,  and  Bunsen,  then,  for  two  full  years,  in  Ludwig's 
laboratory  at  Leipsic.  Returning  to  his  native  land  in  1868,  he  be- 
came professor  of  physiology  at  St.  Petersburg  in  the  same  year. 

His  most  important  contributions  to  our  specialty  are:  "Zur  Lehre 
der  Irisbewegung"  (with  J.  B'ernstein,  Vrrhandl.  d.  Naturhist.- 
Med.  Vercins,  Heidelberg,  1866)  ;  '"'Ueber  den  Muskulus  Dilatator 
PupilltE  bei  Saugethieren,  Menschen  und  Vogeln  (31.  Schultze's  Archiv 
f.  Milr.  Anat.  1870  and  1886);  "Die  Betheiligung  der  Nerven  an 
den  Schwankungen  in  der  Pupillenweite."  {Pfliiger's  Arch.  Bd.  56, 
1894)  ;  "Zur  Kenntniss  der  Eiweissreactionen  und  von  dem  Ver- 
halten  des  Albumins  der  Lichtbrech.  ]\ledien  des  Auges. "  {P finger's 
Arch.  Bd.  19,  1879).— (T.  H.  S.) 

Dog'-louse.  The  ricinus,  or  dog-louse,  was  employed  in  Greco-Roman 
antiquity  as  an  ocular  depilatory. — (T.  II.  S.) 

Dohlhoff,  Georg-  Eduard.  A  well-known  German  surgeon,  who  de- 
voted considerable  attention  to  ophthalmology.  Born  at  Halle, 
Germany,  July  24,  1799,  he  there  studied  medicine,  graduating  in 
1819.  In  1822  he  settled  in  ]\ragdeburg,  and  in  1826  became  assess- 
or (see  Legal  relations  of  ophthalmology,  first  third  of  article,  in 
this  Encyclopedia),  and  in  1832  Councillor  in  the  Medical  College  of 
the  Province  of  Saxony.  His  only  ophthalmologic  writing  was  ' '  Ueber 
die  Augenheilkunde  des  Celsus"  (Graefe  and  Walther's  Jour.,  1823). 
Dohlhoff  died  May  27,  1852.— (T.  H.  S.) 
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Doijer,  D.  A  celebrated  Dutch  ophthalmologist,  who  taught  his 
special  subject  at  Leyden,  Holland,  for  27  years.  The  place  and  date 
of  his  birth  are  unknown.  He  was  the  first,  however,  to  be  appointed 
to  the  chair  of  ophthalmology  in  the  Government  University.  He 
was  an  intimate  friend  of  Bonders,  of  Utrecht,  and  of  Meyer,  of 
Copenhagen.  For  a  time  he  was  militan^  surgeon  in  the  Dutch  East 
Indies  (Java).  In  1860  he  returned  to  his  native  country  to  resume 
the  study  of  the  eye.  Having  studied  with  Bonders  again  for  two 
and  a  half  years,  he  returned  to  Batavia,  where,  in  a  very  short  time, 
he  resigned  his  military  position,  and  engaged  in  private  practice  as 
ophthalmologist.  Becoming  financially  independent,  he  returned  to 
his  native  country  in  1869,  l)eing  tlien  42  years  of  age.  He  was  almost 
immediately  elected  extraordinary  professor  of  ophthalmology  at  the 
Royal  University  of  Leyden. 

He  was  a  man  of  great  industry  and  of  high  moral  character. 
He  died  at  Leyden,  Bee.  21,  1896.— (T.  H.  S.) 

Dolichocephalic.  Bolichocepalous.  Having  a  skull  with  a  long  an- 
tero-posterior  diameter  as  compared  with  the  transverse ;  or  having 
the  cephalic  index  less  than  75  (Broca)  or  less  than  70  (Thurnam). 

Dolichocephalus.  A  skull  liaving  a  relatively  long  antero-posterior 
diameter. 

Dolichos  pruriens.  (L.)  It  is  the  miinite  hairs  on  this  plant  that 
were  once  used  as  a  remedy ;  and  these  highly  irritant  agents  have 
been  known  to  injure  tlie  eye  when  introduced  into  the  conjunctival 
sac,  or  when  brought  in  contact  with  the  eyeball.  Apart  from  this 
form  of  injury  there  is  nothing  specific  about  the  minute  traumatisms, 
and  instances  of  ocular  injury  from  tliis  source  are  extremely  rare. 

Dollinger,  Ignaz.  A  celebrated  German  anatomist  and  physiologist, 
of  some  importance  in  ophthalmology.  Boni  at  Bamberg  May  27, 
1770,  son  of  the  body-physician  of  the  Prince  Bishop  of  l^amberg,  he 
pursued  his  academic  studies  at  the  University  of  l*>;milieri:.  nnd  then 
studied  medicine  at  AViirzburg,  Padua,  and  Vienna,  lie  I'eeeived  the 
medical  degree  in  1794.  and  two  years  hiter  became  professor  of 
medicine  at  Bamberg.  In  1808  he  was  called  to  the  chair  of  anatomy 
and  physiology  at  Wiirzburg,  a  position  whicli  he  held  for  twenty 
years,  when  he  removed  to  ^lunich  in  order  to  accept  tlie  correspond- 
ing chair  in  the  university  at  that  place.  Latei-.  he  accepted  the  chair 
of  the  same  subjei-ts  at  Landshnt.  His  most  important  investigations 
related  to  the  circulation  of  t!ie  hh)od.  to  the  processes  ol"  secretion. 
Mild  to  embi-yology.  lie  wrote,  however,  "  Ueber  das  Striihh'nl)l;itt<'hen 
im  .Miiisclilichen  .\uge"  (Nova  Acta  Acad.  Unes.  Leop.  n;it.  Cni-iosum, 
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IX,  pag.  268)  and  "  Illiistratio  Ichnogi-aphica  Fabricae  Oculi  Hu- 
man!"  (Wireeb.  1817,  4).  Bollinger  died  at  Munich  Jan.  14,  1841.— 
(T.  H.  S.) 

DoUond,  John.  The  inventor  of  achromatic  lenses.  Born  at  London, 
Eng.,  June  10,  1706,  he  followed  for  many  years  the  occupation  of 
his  father,  that  of  silk-weaving.  However,  his  leisure  hours  were  all 
employed  in  the  acquisition  of  a  thorough  knowledge  of  physics, 
mathematics,  and  the  ancient  languages.  In  1752,  he  gave  up  weav- 
ing and  entered  into  partnership  with  his  son  Peter,  who  for  a  num- 
ber of  years  had  been  in  the  business  of  manufacturing  optical  instru- 
ments. 

In  1758  Dollond  invented  the  achromatic  lens,  a  device  which,  in 
the  opinion  of  Sir  Isaac  Newton,  w^as  an  absolute  impossibility. 
Newton  had,  in  fact,  declared  that  "all  refracting  substances  diverge 
the  prismatic  colors  in  a  constant  proportion  to  their  mean  refrac- 
tion," and  believed  the  matter  to  be  beyond  dispute.  Euler,  in  1747, 
suggested  the  possibility  of  an  achromatic  lens-system,  basing  his  be- 
lief on  the  mistaken  assumption  that  the  human  eye  is  achromatic. 
Dollond,  proceeding  further,  discovered  the  basic  fact  that  flint  glass 
does  really  produce  a  greater  dispersion  in  proportion  to  its  refrac- 
tion than  does  crown  glass.  The  rest  of  the  problem  was  easy.  He 
merely  combined  a  double-concave  lens  of  flint  glass  with  a  double- 
convex  lens  of  crown  glass.  The  images  produced  by  the  combination 
(a  proper  proportion  between  the  constituent  lenses  being  observed) 
were,  though  enlarged,  yet  absolutely  achromatic. 

In  1761  Dollond  became  a  Fellow  of  the  Royal  Society  and  Optician 
to  the  King.  A  little  later  in  the  year,  Avhile  reading  a  work  on 
astronomy,  he  was  stricken  with  apoplexy  and  soon  died. —  (T.  H.  S.) 

Dolomedes.  One  of  the  order  of  Spiders  whose  bite  is  said  to  be 
poisonous.  When  the  skin  of  the  lids  or  of  the  neighborhood  of  the 
eye  is  involved  the  usual  symptoms  of  local  poisoning  occur. 

Dolor  oculi.  Eye-aciie.  Ophthalmodynia.  These  are  indefinite 
terms  applied  to  those  pains  that,  from  many  diff^erent  causes,  affect 
the  eyeball  and  the  region  of  the  orbit.  Although  they  generally 
result  from  eye-strain,  yet  they  often  form  one  of  the  symptoms  of 
certain  inflammatory  diseases  of  the  eye,  neuritis,  nasal  sinus  dis- 
ease, etc.,  or  they  occur  as  part  of  a  neuralgia  or  hemicrania.  The 
treatment  of  this  symptom  is,  of  course,  entirely  dependent  upon  its 
cause. 

Domats.  (F.)  A  place  in  the  department  of  Yonne,  France,  where 
there  is  a  spring  the  water  of  which  is  used  by  the  inhabitants  for 
affections  of  the  eyes. 
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Dombrowski,  John  Paul.  A  well-known  ophthalmologist  of  central 
Illinois.  Born  in  Poland  in  1857,  he  removed  with  his  father's  family 
at  a  very  early  age  into  eastern  Germany,  where,  at  Konigsberg,  he 
received  his  preliminary  education.  His  medical  degree  he  received 
at  the  University  of  Berlin  in  1880. 

Taking  a  surgeoncy  on  a  steamer  in  the  Brazil  trade,  he  made  many 
trips  to  South  America.  On  one  of  these  trips  he  formed  the  acquaint- 
ance of  a  Mr.  Wolff,  editor  of  a  German  newspaper  at  Peoria,  111.,  who 
persuaded  him  to  settle  in  Peoria,  111.,  where  he  soon  acquired  a  large 
and  lucrative  practice,  not  only  in  Peoria  but  in  the  entire  central 
part  of  Illinois. 

In  1894  he  returned  to  Germany  for  further  study  and  research. 
Returning  to  Peoria,  he  was  even  more  successful  than  before.  He 
was  an  indefatigable  student,  spending  many  hours  daily  at  his  books 
and  at  the  expense  of  his  health.  For  many  years  before  his  death 
he  suffered  much  from  digestive  disturbances.  It  was  his  habit  to 
rise  at  4  or  5  a.  m.,  light  the  fire  prepared  in  a  stove  in  his  study,  and 
then  crawl  into  an  arctic  sleeping  bag,  and  read  the  current  English, 
French  and  German  literature  of  his  special  field.  On  the  stove  he 
kept  a  pot  of  coffee  from  which  he  drank  to  excess. 

He  spent  considerable  time  in  perfecting  himself  in  operative  sur- 
gery of  the  head,  sending  to  Chicago  for  dissecting  material.  This 
material  was  kept  in  an  old  ice-box  in  a  back  room  of  the  house.  One 
cadaver,  that  of  a  child,  was  sent  directly  to  the  house  by  mistake, 
where  it  was  opened  in  the  presence  of  the  entire  family,  and  the  con- 
sternation that  ensued  may  be  easily  imagined. 

In  appearance  Dombrowski  was  tall  and  slender,  with  heavy  black 
hair,  brushed  a  la  pompadour.  His  eyes  were  very  black  and  piercing, 
and  he  wore  a  small  black  mustache.  He  spoke  with  a  marked  German 
accent,  which  he  was  unable  to  overcome  in  spite  of  much  study. 

His  recreations  were  very  few.  He  was  fond  of  music,  and  was  an 
accomplished  pianist.  He  was  a  member  of  a  German  bowling  club, 
although  he  attended  very  irregularly.  One  of  his  few  luxuries  was 
his  team  of  magnificant  black  horses.  These  he  delighted  to  drive  at 
breakneck  speed,  caring  little  whether  tlie  carriage  ran  on  two  wheels, 
or  the  usual  four.  This  habit  was  so  confirmed  that  ^Irs.  Dombrowski 
and  his  three  children  would  never  ride  with  him. 

In  the  spring  of  1904  he  was  stricken  with  pneumonia,  and  liad  so 
little  resistance  that  he  could  not  recover.     He  died  at   his  liomo  in 
Peoria,  Marcli  28,  1904,  aged  47.— (T.  11.  S.) 
Domestic  animals,  Ocular  diseases  of.     Scf  Veterinary  ophthalmology. 
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Dominance,  ocular.  Dominant  eye.  The  theory  that  either  the  right 
or  h'ft  eye  is  the  chief  eye — the  one  preferably  used  for  vision  when 
a  choice  has  to  be  made — and  the  one  related  to  right-  or  left-handed- 
ness — has  been  taught  by  a  number  of  observers.  Durand  and  Gould 
{Jour.  Am.  Med.  Assocn.  July  30,  1910)  suggest,  for  the  purpose  of 
detecting  the  do}ninant  eye,  the  use  of  a  screen  4  by  12  inches,  in  the 
center  of  which  is  an  opening  with  a  tube  4  inches  long  extending 
from  it.  The  patient  directs  the  eyes  at  a  white  disk  hung  on  the 
opposite  wall,  then  holds  the  screen  at  arm's  length  and  looks  through 
the  opening.  Only  one  eye  can  see  the  disk  through  the  opening,  and 
one  will  naturally  use  the  eye  with  which  he  is  accustomed  to  see 
things  best.  Covering  the  other  eye  the  disk  still  remains  visible,  but 
on  covering  the  dominant  eye,  it  disappears. 

Of  fifty-eight  left-handed  persons  with  equally  good  vision  in  both 
eyes,  whose  ocular  dominance  Enslin  {Milnch.  Med.  Wochcnschr.  57, 
1910)  examined  by  the  Rosenbach  test  (holding  a  pencil  between  the 
eyes  and  a  small  object  across  the  room  and  then  closing  one  eye), 
twenty  held  the  pencil  before  the  left  eye.  On  the  other  hand,  all  the 
right-handed  individuals  with  equal  vision  in  both  eyes,  who  were 
examined,  held  the  pencil  before  the  right  eye. 

Donaldson,  Ebenezer.  Born  in  County  Cork,  Ireland,  he  studied  at 
the  Dublin  School  of  ^ledicine,  and,  after  the  completion  of  his  work, 
settled  in  Londonderry.  He  founded  the  Londonderry  Eye,  Ear  and 
Throat  Hospital,  of  which  he  was  joint  surgeon  with  Dr.  Hunter.  He 
never  entirely  relinquished  general  practice,  but  much  of  his  practice 
was  ophthalmic,  and  he  was  a  constant  contributor  to  the  Ophthal- 
moscope.   He  died  in  1909,  aged  49.— (T.  H.  S.) 

Donberg's  capsule  forceps.  This  is  one  of  the  many  instruments  in- 
tended to  remove  a  portion  of  the  anterior  capsule  as  a  part  of  the 


Donberg  's  Capsule  Forceps. 

operation  for  cataract  extraction.  See  page  1692,  Vol.  Ill,  of  this 
Encyclopedia. 
Donders,  Frans  Cornells.  One  of  the  greatest  ophthalmologists  of  all 
time.  He  was  born  May  27,  1818,  at  Tilburg,  in  Noord-Braband, 
Holland,  the  son  of  a  merchant  who  died  a  year  later.  Of  nine  orphans, 
the  subject  of  this  sketch  was  the  only  boy.  From  his  13th  to  his 
17th  year,  he  attended  the  Latin  school  at  Boxmeer,  where,  from  all 
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accounts,  the  instruction  in  everything  excepting  Latin  only,  was 
extremely  poor.  The  mother  desired  her  son  to  become  a  theologian 
and  minister,  and  Bonders,  it  seems,  for  a  time  attempted  to  develop 
himself  in  accordance  with  his  mother's  wislies — though  all  the  while 
his  predilection  ran  toward  natural  science.    In  contests  such  as  these, 
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youth,  cvfiitiially,  is  seen  tn  h;ive  its  way.  So.  in  IS:}.").  the  suhjiTl  of 
this  sketcli  began  ins  iiicdical  stmlies  in  the  iiiili1ai'y-iiif(lii-;il  drparl- 
ment  of  tlie  Ciiiversily  of  i'livcht.  A  Tier  scveivil  years  of  st  mix  Hirrc, 
also  at  Vliessingen  and  at  T\\r  ilagui',  lir  |i1'occc(1,m|  to  the  Tnivcrsity 
of  licvden.  whei'r  lir  rci-'Mvcil   his  nieilii'al  (h-grcr  in    ]S4().      His  thesis 
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was  entitled  "Dissertatio  Sistens  Observationes  Anatomico-Pathologi- 
eas  de  Centre  Nervoso." 

He  was  then  for  a  time  "Lector  Anatomic  et  Pliysiologiae"  at  the 
Royal  Military-Medical  School  at  Utrecht.  This  position  he  resigned 
in  18i8,  in  order  to  accept  the  extraordinary  professorship  of  these 
subjects  in  the  Utrecht  University.  Now  30  years  of  age,  and  re- 
nowned in  both  anatomy  and  physiology,  he  had  not  even  dreamed  of 
devoting  his  attention  especially  to  ophthalmology.  Little  by  little, 
however,  because  of  his  investigations  into  the  anatomy  and  physiology 
of  the  eye,  he  was  drawn  to  the  specialty  in  which  he  was  soon  to 
become  so  famous.  The  change  was  much  assisted  by  the  fact  that, 
as  physiologist,  he  was  frequently  consulted  by  practising  physicians 
with  regard  to  questions  of  physiologic  optics. 

In  1851,  the  annus  mirabilis  for  ophthalmology  (for  was  not  that 
the  year  in  which  the  ophthalmoscope  was  invented?)  he  went  to 
London  to  attend  the  first  great  exposition  in  that  city,  and,  while 
there,  he  chanced  to  call  at  the  house  of  Sir  William  Bowman,  the 
noted  English  oculist,  and,  as  luck  would  have  it,  whom  should  he 
meet  in  that  house  but  the  celebrated  German  ophthalmologist,  Al- 
brecht  von  Graefe?  Between  these  three  warm-hearted,  as  well  as 
distinguished,  men,  arose  at  once  an  intimacy  that  was  never  broken 
up  until,  in  1870,  the  youngest  of  the  trio,  the  lamented  Albrecht  von 
Graefe,  was  removed  from  the  circle  by  death.  Until  that  date,  how- 
ever, these  three  men  were  in  constant  correspondence  with  one  an- 
other. They  were,  in  fact,  a  constant  source  of  stimulus  and  en- 
couragement, each  to  the  other  two,  and  of  aid  and  assistance  to^one 
another  in  every  proper  way. 

From  the  time  of  his  meeting  with  Bowman  and  von  Graefe,  the 
ophthalmologic  genius  of  Bonders  seems  to  have  been  thoroughly 
aroused.  He  had  written  on  ophthalmology  before  this  time,  but 
now  first  one  epoch-making  book  or  article  on  the  favorite  subject,  and 
then  another,  came  sparkling  from  his  pen — for  he  always  wrote  with 
a  crystalline  clearness  and  with  a  kind  of  verve  which  showed  his 
heart  was  in  his  work. 

In  1852  he  was  made  professor-in-ordinary  of  ophthalmology  in  his 
home  university.  From  that  time  forward  he  wrote  more  brilliantly 
than  ever. 

His  masterpiece  was  entitled  "T/<e  Anomalies  of  Refraction  and 
Accommodation^^  (ed.  by  New  Sydenham  Society,  1864;  German 
trans,  by  Otto  Becker  in  1866;  an  Italian,  by  A.  Quaglino,  and  a 
French  by  de  Wecker  in  ''Manuel  d'Ophtalmologie") .  This  epoch- 
making  affair  has  not  been  wholly  superseded  even  to  the   present 
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day.     What  oplithalmulogic  library,  indeed,  can  be  considered  com- 
plete without  a  copy  of  "Donders'''^ 

The  most  important  of  his  other  writings  are  as  follows: 

( Composed  before  the  meeting  with  Bowman  and  von  Graef e : ) 

1.  "De  Bewegingen  van  het  Menschelyk  Oog"   (1846). 

2.  ''Ueber  die  Bestinnniing  des  Sitzen  der  Mouches  Volantes" 
{Zeitschr.  fiir  Physiolog.  Heilk.,  1847).  For  further  historical  in- 
formation on  this  subject,  see,  herein,  the  sketches  of  Deschales  and 
Pitcairn. 

3.  De  Anwending  van  Prisniatische  Brillenglazen  tot  Genezing  van 
Seheelzien"  {Het  Nedcrlandsch  Lancet,  1848). 

(After  the  fateful  meeting:) 

4.  "De  1852:  Voedings-Beginseln.  Grondslagen  Eener  Algem- 
wene  Voedingsleer. ' ' 

5.  "Over  den  Invloed  des  Luchtdrukking  op  de  Ilartswerking" 
{Ned.  Lancet). 

6.  "Bewegingen  van  Longen  en  Hart  by  de  Ademhaling"  (1853). 

7.  "De  Werkiug  der  Oogspieren"   (1854). 

8.  "Over  de  Verhouding  der  Onzichtbare  Stralen  van  Sterke 
Breekbaarheid  tot  de  Vochten  van  het  Oog"  (1854). 

9.  "Over  den  M.  Cramptonianus  en  Over  het  Aceomodatie  Ver- 
mogen  by  Vogels"  (1855). 

10.  "Winke  iiber  den  Gebrauch  von  Brillen"  (1858). 

11.  "Het  Lichtbreken.d  Stelsel  van  het  ]\Ienschelyk  Oog  in  Gezon- 
den  en  ziekelyken  Toestand"  (1861). 

12.  " Astigmatisme  en  Cilindrische  Glazen"   (1862). 

13.  "De  1 'Action  des  Mydriatiques  et  des  Myotiques"   (1865). 

14.  "Invloed  der  Aceomodatie  op  de  Voorstelling  van  Af stand" 
(1869). 

15.  "Het  Binoculaire  zicn  en  dc  llerkenning  der  Derde  Diiuensie" 
(1869). 

]G.     "Explication  sur  les  Systenes  Chromatiques"  (1882). 

From  1855  until  his  death,  he  acted  as  co-editor  with  Arlt  of  the 
Graefe  "Archiv  fiir  Ophthalmologic." 

In  1858  he  founded  the  "Nedcrlandsch  Gasthuis  voor  Ooglijdcrs" 
(.Eye  Hospital  for  the  Netherlands).  The  funds  for  the  institution 
were  all  contributed  voluiitaril\-  by  tbc  Dutdi  i)c()])l('. 

Donders  also  invented  a  nuiiibcr  of  ophtlialinic  iiisti'umriits  and 
apparatuses.  Of  these  the  most  important  is  liis  "Oi)litlialinot()no- 
meter." 

In  1866-67  lie  founded  his  pliysiologic  laboratory  which  soon  was 
known  througliout  the  ophtlialmologic  world.     In  fact  it  was  in  this 
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laboratory   that  many  of   Doiidcrs'   most   iiii])ortant  discoveries  and 
inventions  were  made. 

On  the  occasion  of  his  7Utli  liirthday,  a  notable  festival  was  held 
in  Utrecht,  laymen  and  doctors  alike  participating.  Very  much  sor- 
row, however,  was  shown,  as  well  as  joy,  on  this  celebrated  occasion, 
for,  by  the  rigorous  laws  of  Holland,  a  man  of  70  years  must  leave 
forever  his  position  as  a  teacher. 

Soon  after  the  70th  birthday,  with  its  elaborate  festival  and  its 
strange  commingling  both  of  joy  and  of  grief.  Bonders  proceeded 
again  to  London,  where  he  was  honored  in  every  way.  While,  how- 
ever, he  was  in  that  city,  he  suddenly  lost  the  faculty  of  speech.  His 
memory,  too,  very  soon  began  to  fail.  Then  consciousness  itself  dis- 
appeared, and,  at  length,  on  ]\Iar.  24,  1889,  he  passed  away — honored 
and  mourned,  it  is  scarcely  necessary  to  add,  by  many  thousands. — 
(T.  H.  S.) 

Donders'  isoscope.  An  instrument  consisting  of  two  sets  of  parallel 
vertical  wires,  one  of  which  can  be  superimposed  on  the  other;  it  is 
designed  to  show  that  the  vertical  lines  of  separation  of  the  retina 
do  not  correspond  exactly  to  the  vertical  meridians. 

Donders,  Painful  accommodation  of.  This  symptom-complex  refers 
to  the  asthenopic  accommodation  of  hysteropes.  It  is  also  known  as 
the  hysterical  kopiopia  of  Forster,  as  well  as  the  hyperesthesia  of  the 
ciliary  muscle  of  Nagel. 

Bonders'  pseudo-isochromatic  v^ools.  Sih'  Color  sense  and  color-blind- 
ness, in  Vol.  IV,  p.  2458,  of  this  I'J)i cyclopedia. 

Donders '  reduced  eye.    See  Reduced  eye ;  as  well  as  Physiologic  optics. 

Donegana's  operation.  For  iridodialysis.  By  means  of  a  special  needle 
the  iris  is  first  detached  and  then  incised  from  its  circumference 
toward  the  center. 

Donne,  Alfred.  A  Parisian  anatomist,  physiologist,  and  hygienist,  of 
some  importance  in  ophthalmology,  because  of  his  "Recherches 
Physiologiques  et  Chimico-Microscopiques  sur  les  Globules  du  Sang, 
du  Pus,  du  Mucus,  et  sur  ceux  des  Humeurs  de  I'Oeil"  (1831).  Hq 
was  born  at  Noyon  (Oise)  in  1801,  received  his  medical  degree  in 
1831,  gave  courses  in  microscopy,  and  was  appointed  sublibrarian  to 
the  Faculty.    He  died  Mar.  7,  1878.— (T.  H.  S.) 

Donne's  galactoscope.  This  is  an  ocular  testing  instrument  for  de- 
termining the  percentage  of  cream  in  fresh,  unboiled  milk.  The 
instrument  consists  of  two  parallel  pieces  of  glass  fixed  in  two  cop- 
per tubes  which  screw  into  each  other  so  as  to  be  easily  approximated 
or  separated.  The  milk  to  be  tested  is  dropped  between  the  glasses 
by  means  of  a  funnel,  and  the  former  are  separated  until  the  film  of 
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the  milk  is  sufficiently  thick  to  obscure  the  light  of  a  candle  at  the 
distance  of  a  metre.  From  the  degree  of  separation  of  the  glass  the 
percentage  of  cream  is  calculated. 

Donovan's  solution.  Solution  of  arsenous  and  mercuric  iodides. 
Each  lOU  cc.  contains  a  gram  each  of  arsenous  iodide  and  red  mercuric 
iodide.  This  is  a  well-known  antiperiodic  and  alterative,  given  in 
5  to  10  minim  doses,  for  a  number  of  skin  eruptions — especially  of 
luetic  origin — and  other  aft'ections  of  the  eyes  in  common  with  other 
organs  of  the  body. 

Doppelbilder.     (G. )     Double  images. 

Doppelbilder,  Gekreutze.     (G.)     Crossed  diplopia. 

Doppelbilder,   Gleichnamige.     (G.)     Homonymous  diplopia. 

Doppelfokusglaser.     (G.)     Bifocal  glasses. 

Doppeltsehen.     (G.)     Diplopia. 

Doppelzapfen.     (G.)     Twin  cones. 

Dorea.  An  obsolete  term  of  unknown  origin,  synonymous  with 
hemeralopia. 

Dor,  Henri.  A  celebrated  Franco-Swiss  linguist  and  ophthalmologist. 
Born  at  Vevey,  Switzerland,  Oct.  4,  1835,  he  received  his  medical 
degree  at  Zurich.  He  then  pursued  the  study  of  ophthalmology'  in 
many  lands,  in  each  of  which  he  acquired  a  consummate  mastery  of 
the  language.  His  most  important  ophthalmologic  teachers  were :  in 
Vienna,  Jaeger ;  in  Berlin,  von  Graefe ;  in  Paris,  Sichel  and  Desmarres ; 
in  London,  l^owman  and  Critchett;  and,  in  Edinburgh,  the  almost 
equally  famous  William  Mackenzie. 

Still  later.  Dr.  Dor  went  to  Utrecht,  where  he  studied  with  Donders. 
Now,  Donders  himself  was  a  very  accomplished  linguist,  and  the  fol- 
lowing story  is  told  of  the  meeting  of  these  two  "word-masters."  Said 
Donders,  in  addressing  his  class  that  day,  "Gentlemen,  we  are  honored 
by  having  among  us  a  doctor  from  foreign  parts.  After  today  I  shall 
address  you  in  French."  Dor  interposed  at  once,  saying  that,  in  a 
very  brief  time,  he  would  be  able  to  understand  Dutch.  But  Donders 
could  not  be  moved.  Said  he:  "This  university  is  open  to  all  the 
world,  and,  if  a  German  arrives,  I  shall  lecture  in  Gernuin ;  if  an 
Englishman,  in  English."  Then  he  added,  with  a  smile,  "And  every 
student  of  medicine  should  be  able  to  understand  these  languages." 

Returning  to  Switzerland  in  1860,  Dor  settled  at  first  at  Vevey. 
Seven  years  later,  however,  he  removed  to  Berne,  in  order  to  accept 
the  chair  of  ophtludmology  in  that  university.  In  lcS7(i  he  moved 
again — to  Lyons — hoping  to  be  appointed  to  the  chair  of  oi)lilhal- 
mology  ill  the  university  there.  Gayet  obtained  the  ciKiir.  hut  Dor 
continued  to  reside  and  to  i)ractice  at  Lyons  until  his  <lr;itli,  a  long 
time  later. 
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Dor,  though  never  professor  of  oplithalmology  in  Lyons,  neverthe- 
less founded  in  that  city  an  eye-clinic,  in  which  it  is  said  he  cared  for 
35,014  patients  in  35  years  (1877-1912). 

Together  with  Edouard  Myer,  of  Paris,  he  founded  in  1882  the 
"Revue  Generale  d'Ophtahnologie."  The  editorship  of  this  excel- 
lent publication  he  retained  until  his  death. 

Dor  was  one  of  the  founders  of  the  French  Ophthalmological 
Society  and  of  the  Heidelberg  Congress,  and  was  also  a  foundation 
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member  of  the  Oxford  Ophthalmological  Congress.  He  was  a  Cheva- 
lier of  the  Legion  d'Honneur  and  of  the  Merite  Agrieole,  and  had  also 
been  honored  by  numerous  other  decorations. 

One  of  his  hobbies — if  so  it  may  be  called — was  Esperanto.  As 
was  said  by  one  of  his  friends,  "He  taught,  thought  and  dreamed 
Esperanto."  His  knowledge  of  nine  modern  and  of  five  ancient  lan- 
guages seemed  only  to  have  emphasized  and  impressed  upon  him  the 
full  length,  breadth  and  depth  of  the  Babylonian  curse — as  well  as 
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its  extension  in  time.  He  was  fond  of  saying  that  the  greatest  bar, 
not  only  to  seientifie  progress,  but  also  to  the  brotherhood  of  man, 
was  the  existence  of  hundreds,  even  thousands,  of  different  tongues, 
constructed  in  accordance  with  every  conceivable  rule  of  unreason 
and  folly. 

Speaking  of  "the  brotherhood  of  man,"  we  may  very  well  say  that 
this  expression  forms,  as  it  were,  a  key  to  the  personal  character  of 
Henri  Dor.  For  Dor  was  indeed  a  brother  to  every  human  being. 
He  was  always  cheerful,  genial,  jovial,  kindly,  courteous,  and,  above 
all  things,  practically  helpful.  The  present  writer  recalls  the  fact 
that,  only  a  few  years  since,  when  he  had  had  occasion  to  inquire  in 
France  regarding  certain  matters  of  Gallic  ophthalmology,  he  was 
referred,  as  the  merest  matter  of  course,  to  Henri  Dor.  "Dor  will 
tell  you  all  about  it,  and  be  glad  of  the  opportunity."  And  so  it 
proved.  Dor  wrote,  and  wrote  fully.  Later,  unasked,  he  wrote  again, 
fearing  that  he  had  not  made  his  former  letter  altogether  clear.  Then, 
in  a  week  or  thereabouts,  he  wrote  once  more,  to  add  some  bit  of  in- 
formation which  he  had  omitted  from  both  the  former  letters,  as  a 
matter  of  course  inadvertently.  And  so  the  man  ever  was,  to  those 
within  and  to  those  without  his  well-beloved  profession,  according  to 
the  reports  of  all  who  communicated  with  him  either  personally  or  by 
correspondence.  He  had  rather,  far  rather,  incommode  himself  than 
any  other  person  living.  He  was  also  a  man  of  singular  purity  of 
character.  "Dor,"  in  French,  means  "of  gold,"  and,  for  this  reason, 
the  great  ophthalmologist  was  appropriately  named ;  for  he  had  a  heart 
of  gold  that  was  gold  and  gold  only,  from  center  to  circumference, 
without  one  taint  of  dross. 

Dor  was  a  tall,  thin,  spare  man,  cursed  with  extreme  myopia,  but  oF 
such  enormous  industry  and  intelligence  that  even  that  serious  handi- 
cap appeared  to  him  to  be  only  a  slight  drawback. 

He  died  Oct.  28,  1912.  May  his  memory  be  cherished,  for  he  was 
more  than  merely  a  celebrated  linguist  and  a  skilful  ophthalmologist; 
he  was  a  true  friend  and  a  good  man. —  (T.  H.  S.) 

Dormiol.  Citoral-amylene  hydrate.  This  nervine  calmative  is  a 
iiiixtiin"  of  anhydrous  chloral  with  amylene  hydrate.  It  is  an  oily, 
colorless  fluid,  with  an  odor  of  camphor  and  a  cooling  taste.  It  does 
not  mix  with  water  but  ethyl  alcohol  and  fixed  oils  readily  dissolve  it. 
Wurdeiiumn  advises  it  as  a  safe  and  reliable  hypnotic  after  cataract 
extraction.  Tlie  dose  is  i/o  to  1  dram  (2-4  cc.)  of  a  ten  per  cent,  solu- 
tion. 

Dornapfel.     (G.)     Datura  slramoniuin. 

Domaugig-.      i(l.>      II;iving  the  eye  furnished  witli  spinous  proce.sses. 
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Dornbliith,  Friedrich  Karl.  A  German  military  surgeon,  of  a  slight 
ophtlialmologie  importance  because  of  his  "Bau  der  Cornea  Oculi" 
(Zeitschr.  fiir  Hat.  Med.  N.  F.,  Bd.  VII  and  VIII).  Born  at  Plan,  in 
Mecklenburg,  July  31,  1825,  the  son  of  a  well  known  physician, 
Albert  Ludwig  Dornbliith,  he  studied  at  Rostock,  Leipsic  and  Heidel- 
berg, receiving  his  medical  degree  in  1849,  not  in  1825  (the  year  of 
his  birth)  as  Hirsch's  " Biograpliisches  Lexikon"  will  have  it.  After 
considerable  service  as  military  physician,  he  settled  as  practising 
l)hysician  in  Rostock,  where,  in  1899,  he  became  Medical  Councillor. 
—  (T.  n.  S.) 

DorreH's  needle.  This  is  a  paracentesis  needle  (see  cut)  for  the  prepa- 
ration of  vaccines  from  the  aqueous.  To  prevent  contamination  of 
the  aqueous,  the  conjunctiva  at  the  point  of  entry  of  the  needle  point 
is  cauterized. 
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Dorrell  's  Needle  for  taking  Fluid  from  Aqueous  or  Vitreous  for  Preparation 

of   Vaccines. 

Dos.     (F.)     The  back. 

Dosten.     (G. )    Origanum  vulgare  (q.  v.)  one  of  the  sources  of  absinthe. 

Dots,  Gunn's.  Crick  dots.  Small,  yellowish  points  seen  at  the  macu- 
lar region.  See  page  3560,  Vol.  V,  of  this  Encyclopedia;  also  Gunn's 
dots. 

Dotted  cataract.      See  p.  1486,  Vol.  II  of  this  Encyclopedia. 

Dotto  della  glandola  lagrlmale.     (It.)     Duct  of  the  lachrymal  gland. 

Double-bodied  microscope.  A  microscope  wiiich  is  so  constructed  that 
the  object  under  examination  can  be  observed  simultaneously  by  more 
than  one  person. 

Double  concave  lens.     A  lens,  both  surfaces  of  which  are  concave. 

Double  cones.  Twin  cones.  In  some  instances  these  elements  of  the 
retina  show  peculiar  modifications  in  which  the  cone-cells  are  double, 
as  described  on  page  2773,  Vol.  4  of  this  Encyclopedia. 

Double  convex  lens.     A  lens,  both  surfaces  of  w^hich  are  convex. 

Double  extension.  An  arrangement  by  which  the  base-board  of  a 
camera  mav  be  extended  to  nearly  double  its  length. 
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Double-image  prism.  A  prism  consisting  of  two  riglit-angled  prisms 
of  quartz  or  ealeite,  cemented  togetlier  so  as  to  form  a  prism  of  rec- 
tangular section,  being  used  to  split  a  single  ray  of  light  into  two 
divergent  rays.  A  double  image  prism,  also  called  bi-refringent  prism, 
may  be  used  to  measure  the  dimensions  of  an  optical  image,  such  as 
that  on  the  cornea  by  means  of  the  Javal-Schiotz  ophthalmometer. 

Double  inversion.  An  example  of  what  must  be  one  of  the  rarest  of 
occurrences  is  reported  by  George  V.  Arps  {Annals  Ophth.,  July, 
1914).  A  7-year-old  boy,  whose  father  is  ignorant  and  dull  and 
whose  mother  is  illiterate,  intemperate  and  immoral,  during  the  first 
month  of  school  attempted  neither  reading  nor  writing.  At  the  end 
of  the  fifth  or  sixth  week  he  was  induced  to  attempt  to  write  on 
the  blackboard,  when  it  was  discovered  that  the  child  appeared 
to  perceive  the  letters  of  the  copy  upside  down  and  backwards. 
The  following  examples  illustrate:  The  words  "cow,"  "come," 
"in,"  "see"  and  "rat,"  when  written  on  the  blackboard  w^ere  copied 
as  follows:  ^/Avoo,,  ,/8raoo,,  ,/ui,,  ,/d8s,,  ,/;b.t,,-  When  the 
words  were  written  upside  down  and  l^ackwards,  he  copied  them 
right  side  up  and  forwards.  After  six  months  of  school  he  sometimes 
but  not  ahvays  copied  correctly.  See  Mirror  v^Triting,  as  Avell  as 
Inversion. 

Double  prism,  Maddox.  This  valuable  instrument,  for  the  measure- 
ment of  anomalies  of  the  oculomuscular  balance,  consists  of  a  prism 
of  175°,  so  worn  that  the  apex  bisects  the  pupil  and  produces  uni- 
ocular  diplopia,  the  two  objects  thus  seen  dctcnniniiig  the  line  of 
e(iuilibi-ium  for  the  other  eye.  See,  also,  Muscles,  Ocular;  as  well  as 
Examination  of  the  eye. 

Double  projection.  This  condition  is  exemplified  in  a  case  reported 
and  discussed  by  Stirling  and  Maddox  {Ophthalmoscop(,  Vol.  IT.  p. 
660,  1918).  Stirling  presented  a  case  of  transient  and  variahh'  |)li()ria. 
varying  from  7  degrees  esophoria  to  slight  exophoria,  and  to  10  de- 
grees esophoria,  act-ording  to  tests  employed,  rod  and  deflecting  prisms 
being  used,  a  s.-cond  casr  of  similar  variability  but  showing  also  verti- 
cal imbalance,  and  a  third  in  which  esophoria  shows  by  rod  test,  but 
with  a  2  degree  prism,  base  out,  it  is  converted  into  exophoi-ia  up  to 
6  degrees.  With  finger  test  there  is  distinct  exophoria.  'i'his  case 
had  a  marked  deviation  in  early  life. 

Maddox  discussed  these  erratic  findings  and  frit  that  thry  were 
due  to  double  projection,  a  ti'u.-  and  an  accpiiivd  pi-ojcction.  This 
was  foniH'i'ly  designated  as  "false  macula,"  but  i)roj('ction  being  a 
cerebral  and  not  a  n-tinal  act,  th.-  term  i)7-<)jection  was  preferred. 
Stirling's  lest  with  pi-isms  deflected  the  line  lo  sncli  a   point   that  the 
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other  projection  was  forthcoming,  and  this  converted  an  esophoria 
into  an  exophoria,  or  vice  versa,  and  thus  clouded  the  findings.  Tem- 
porary squint  disappearing  with  changes  in  refraction  and  with 
growth,  or  hyperphoria  at  first  uncompensated,  might  thus  explain 
the  first  case. 

Double  refraction,  In  optics,  a  twofold  deviation  of  a  ray  of  light  in 
passing  through  certain  crystallized  substances,  first  discovered  by 
Erasmus  Bartholinus,  1669,  in  Iceland  spar,  a  rhombic  crystalline 
form  of  carbonate  of  lime,  also  called  calcite.  When  a  ray  of  light 
falls  on  a  calcite  crystal  it  is  not  refracted  according  to  Snell's  law  of 
refraction,  but  forms  two  refracted  rays,  one  of  which  does  not  neces- 
sarily lie  in  the  same  plane  as  the  incident  ray  and  the  normal  to  the 
refracting  surface.  On  looking  through  a  crystal  of  calcite  placed 
over  an  illuminated  pin-hole,  two  bright  images  are  seen.  If  the  eye 
is  placed  vertically  above  the  crystal,  and  the  latter  is  rotated,  one 
image  is  stationary,  and  is  termed  the  ordinary  image.  The  second 
image  is  displaced  from  the  first  in  a  direction  parallel  to  the  shorter 
diagonal  of  the  rhombic  face  through  which  it  is  observed ;  this  image 
rotates  with  the  crystal,  and  is  termed  the  extraordinary  image, 
projected  by  the  extraordinary  rays. —  (C.  F.  P.) 

Double  sensation.  A  term  applied  by  Hilbert  {Klin.  Mon.  f.  Aug.,  52, 
May,  1914,  p.  706)  and  others  to  color  audition,  that  is  to  sensations 
which,  arising  from  adequate  excitations  of  a  sensory  nerve,  elicit 
simultaneous  perceptions  in  a  second  sensory  nerve.  For  example, 
Hilbert  observed  for  years  the  following  case  of  acoustic  photisms : 
A  woman,  musically  highly  educated,  has,  when  hearing  musical 
pieces,  perceives  moving  and  acting  persons.  They  wear  the  most 
variegated  costumes  and  appear  on  foot  or  on  horseback.  At  each 
piece  of  music  the  same  persons  appear  always  and  always  in  the 
same  play;  never  in  other  scenes,  or  scenes  belonging  to  other 
pieces.  She  considers  these  accessory  perceptions  as  perfectly  nat- 
ural and  as  belonging  to  the  music.  See  Chromatic  audition;  as 
well  as  Color-music. 

Double  sight.     An  obsolete  term  for  diplopia. 

Doublet.  A  magnifying  glass  composed  of  two  lenses  superposed,  and 
so  combined  as  to  reduce  or  prevent  aberration.  The  smaller,  nearer 
the  eye,  receives  the  rays  refracted  hy  the  larger  one  (which  is  nearer 
the  object)  before  they  reach  their  focus. 

Double  vision.     See  Diplopia. 

Doubling.  This  is  a  term  used  in  ophthalmometry  that  corresponds  to 
the  French  term  dedoublement.    See  Ophthalmometer. 

Douche  d'air  chaud.     Hot  air  douche. 


DOUCHE,  EYE 


4071 


Douche,  Eye.  This  is  an  old  and  simple  device  for  applying  hot  or 
cold  fluids  (plain  or  medicated)  directly  to  the  eye  and  conjunctival 
sac.  They  may  be  used  either  as  a  spray  or  in  irrigation,  and  supply 
useful  methods  for  the  local  application  of  remedies.     They  are  gen- 


Bowman's  Eye  Douche. 

erally  employed  to  cleanse  the  eye  of  secretions,  as  well  as  to  raise  or 
lower  the  temperature  of  the  eye  and  to  apply  remedies  to  corneal 
ulcers  and  other  lesions.  Care  must  be  observed,  in  the  fonncr  in- 
stance especially,  not  to  direct  too  forceful  a  stream  of  li«|ni(l  aj^anist 
the  eyeball.  The  so-called  ryr-rup  and  undine  are  modidralions  of 
the  douche.  Sometimes,  also,  \hr  last-named  is  made  doulil. ■walled 
to  contain  ice  foi-  i-cl'fi<r('i';itiM'4  ])ni'i)OS('S. 
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DOUCHE,  STEAM  EYE 


Douche,  Steam  eye.     A  form  of  hot  steam  or  alcohol  atomizer  suitable 
for  the  treatment  of  corneal  ulcer  has  been  invented  by  several  sur- 


Eayner   Batten  's   Eye   Douche,   for   Con-    Eye  Douche  with  Glass  Eye  Cup,  Provided 
tinuous  Treatment,  Based  on  the  with  India-rubber  Ball  and  Tubes. 

Hydrophthalmoseope. 


Schweigger's  Eye  Douche. 


Wessely  's  Steam  Eye  Douche. 


geons.    Wessely  has  devised  one  in  which  the  temperature  of  the  vapor 
may  be  made  to  vary  from  78°  to  98°  C.    See  the  cut. 

The  apparatus  of  Perlmann  (Klin.  Monatshl.  f.  Augenheilk.,  June, 


DOULEUR  4073 

1910)    is  much  simpler  and  is  intended   to  supply  hot  steam  only. 
The  inventor  uses  it  in  many  painful  diseases  of  the  face  and  eyes. 

Douleur.     (F.)     Pain. 

Dove.  In  ancient  Greco-Roman  times  the  blood  of  the  dove  was  highly 
esteemed  as  a  remedy  for  nyctalopia  and  for  hyphema  conjunctivct. 
The  dove  must  be  of  a  wild  sort — the  male  was  preferable  to  the  fe- 
male— and,  best  of  all,  was  a  male  wood-pigeon,  or  ring-dove  (palum- 
l)ns).  The  lilood  was  only  properly  to  be  secured  from  a  vein  on  the 
under  surface  of  the  wing,  or  by  plucking  out  a  large  feather,  and 
then  the  life-filled  remedy  was  s(jueezed  out  hot,  and  allowed  to  drop 
directly  into  the  eye. —  (T.  II.  S.) 

Dove,  Experiment  of.  In  studying  the  anatomy  of  contrast.  Dove  ex- 
perimented with  colored  shades  the  result  of  placing  a  colored  glass 
opposite  a  mirror.  AVe  then  see  two  images  of  a  white  object,  one 
by  reflection  from  the  anterior  surface  of  the  glass,  the  other  by 
reflection  from  the  mirror;  this  latter  has  the  color  of  the  glass, 
since  the  rays  have  passed  through  the  glass  twice.  The  first,  Avhicli 
ought  to  be  white,  shows  by  contrast  the  complementary  color. 
AVith  a  black  object  on  a  white  ground,  the  sash  of  a  window  for 
example,  we  have  the  phenomena  reversed.    See,  also.  Color  mixture. 

Dove's  stereoscopic  lustre.  See  Color  mixture,  Binocular,  in  Vol.  W, 
p.  2400,  of  this  Encyclopedia. 

Down-growths.  Epithelial  invasion.  This  term  is  commonly  ap- 
plied to  those  penetrating  wounds — operative  and  other — of  the  eye- 
ball in  which  the  epithelium  covering  the  globe  penetrates  into  its 
interior.  A  good  example  of  this  process  is  seen  in  manj^  of  the  opera- 
tions for  glaucoma.  The  conjunctival  or  corneal  epithelium  some- 
times lines  or,  indeed  may  be  the  cause  of.  the  operative  fistules  or 
fistulettes  that  exert  a  beneficial  action  on  the  disease  by  establish- 
ing permanent  drainage  of  the  oeiihif  intei-ioi'.  Morax  and  Dnverger 
(Annales  d'OcuHsl.,  Jan.  li)O0)  early  referred  to  ix'iietration  of  the 
corneal  epithelium  into  the  anterior  chamber.  E])ithelial  penetration 
of  the  eye  is  seen  only  aftei-  perforating  wounds:  one  case  has  I)een 
quoted  by  Meller,  in  which  this  coniplication  followed  a  pei'forating 
ulcer  of  the  cornea,  but  an  ii'idectomy  had  subse(|uen11y  been  ])er- 
formed.  It  occurs  most  frequently  after  accidental  wounds,  nsually 
by  sharp-pointed  implements,  such  as  scissors,  foi-Us,  etc.,  and  this 
class  of  ease  is  almost  always  in  ehildren  nnder  the  age  of  10.  In- 
stances in  which  the  condition  fo]h)Ws  opci';ition  wounds,  are  nsually 
met  with  in   pati<'nts  operated  upon   for  cataract. 

Published  cases  indicate  that  a   jx-ripheral   position   of  the  coi-neal 
wound,  irregularity  of  its  edges,  delay  in  healing  by  inclusion  of  iris 


4074  DOYNE'S  CATARACT 

tissue  or  lens  capsule,  are  conditions  favorable  to  the  occurrence  of 
epithelial  invasion.  When  healing  is  complete  a  prolonged  period  of 
quiet  ensues,  in  which  the  eye  is  free  from  any  sign  of  irritation :  this 
period  has  varied  from  10  months  (in  one  of  the  author's  cases)  to 
ten  years  (in  a  case  of  Stoelting's).  After  this  period  of  quiescence, 
the  first  indications  of  the  complication  become  manifest :  these  may 
be  anatomical  alterations  of  the  anterior  cham^ber,  the  development 
of  cysts  of  the  iris,  or  symptoms  of  ocular  irritation.  In  the  author's 
first  case,  these  symptoms  included  intense  photophobia,  lachrymation 
and  blepharospasm,  peri-ocular  pain.  Whatever  may  be  the  explana- 
tion of  these  symptoms,  the  writers  think  it  important  to  point  out 
that  they  may  be  present  at  a  stage  in  which  there  are  no  recognizable 
signs  of  the  formation  of  an  epithelial  cyst.  The  second  phase  of  the 
affection  is  characterised  ]\y  the  appearance  of  a  cyst,  or  cysts,  in  the 
anterior  chamber ;  and  the  third  stage  is  usually  one  of  hypertony. 

The  prophylaxis  of  this  complication  of  penetrating  wounds  is  to 
be  found  in  the  perfect  coaptation  of  the  lips  of  the  wound,  and  the 
absence  of  any  inclusions  of  iris  or  capsule,  conditions  which  are 
often  difficult  of  achievement  especially  in  accidental  wounds.  Treat- 
ment consists  in  the  removal  of  the  eyeball,  or  of  its  anterior  segment. 
Ablation  of  the  cysts,  which  has  been  accomplished,  gives  only  a  tem- 
porary result.  There  is,  how^ever,  no  evidence  to  show  that  epithelial 
invasion  ever  extends  posterior  to  the  barrier  offered  by  the  zonule 
and  lens  capsule,  and  hence  retention  of  the  posterior  segment  of  the 
globe  is,  so  far  as  recurrence  of  cysts  is  concerned,  unobjectionable. 
(Review  by  J.  B.  Lawford,  in  the  Oph.  Review,  June,  1909.) 
Doyne's  cataract.  Discoid  cataract.  Coppock  CxVtaract.  Nettle- 
ship's  CATARACT.  Priestley  Smith  {Trans.  Ophth.  Soc.  U.  K.,  XXX, 
p.  37,  1910)  has  suggested  that  the  condition  previously  spoken  of 
as  Coppock  cataract,  and  first  demonstrated  by  Doyne,  should  be 
permanently  distinguished  by  the  name  Doyne's  discoid  cataract.  He 
has  worked  out  an  interesting  new  pedigree  of  the  condition,  including 
fifty-one  descendants,  of  whom  twenty-six,  or  50.9  per  cent.,  are 
affected.  Of  the  latter  fifteen  are  male,  and  eleven  female.  The  men 
are  largely  farm  laborers,  but  some  are  coal  miners.  With  one  ex- 
ception every  affected  person  who  has  had  offspring  has  transmitted 
the  disorder,  the  exception  being  a  man  who  has  at  present  only  one 
child.  There  is  no  instance  of  parents  both  of  whom  were  unaffected 
producing  an  affected  child. 

According  to  Collins  and  Mayou  {Pathology  and  Bacteriology,  p. 
41)  congenital,  triradiate  opacities  of  the  lens  are  in  this  form  of 
cataract  met  with  both  in  front  and  behind  the  nucleus,  and  are  some- 
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times  seen  on  the  anterior  surface  of  lamellar  cataract.  They  are  also 
met  with  behind  the  nucleus  in  the  disc-shaped  opacities  which  are 
often  hereditary.  These  cataracts  must  be  distinguished  from  discoid 
cataracts  in  which  the  whole  lens  has  the  shape  of  a  disc.  In  Doyne's 
cataract  it  is  the  area  of  opacity  in  an  otherwise  normally  shaped  lens 
which  is  discoid.  See  Coppock  cataract;  as  well  as  p.  2868,  Vol.  IV, 
of  this  Encyclopedia. 

Drag-on  tree.  Drac.ena  draco.  The  sap  of  the  dragon  tree  was  used 
by  the  ancients  to  remove  corneal  opacities. —  (T.  H.  S.) 

Drahtgitter.     (G.)     Ocular  protector.     Wire  mask. 

Drahtschlinge.     (G.)     Wire  snare,  or  loop. 

Drahtsiebbrillen.     (G.)     Protective  spectacles  of  wire  gauze. 

Drain.     (F.)     Drainage-tube. 

Drainage  a  demeure.     Fixed  or  permanent  drainage. 

Drainage,  Capillary.  Although  this  procedure  for  the  treatment  of 
hypopyon  ulcer  of  the  cornea  has  many  evident  drawbacks,  yet  it  has 
been  advised  for  the  purpose  by  Rollet  and  IMoreau.  See  Capillary 
drainage. 

Drainage,  Ocular.  Intraocular  drainage.  Under  the  caption  Cir- 
culation of  the  intraocular  fluids  this  subject  has  already  been  to 
a  large  extent  discussed.  In  addition  it  may  here  be  noted  that  in 
an  essay  on  intraocular  pressure  and  drainage  Schoenberg  {ArcJiivcs 
of  Ophthahn.,  ^larch,  1913)  calls  attention  to  the  well-known  fact  that 
when  the  Schiotz  tonometer  is  continuously  applied  on  the  eye  a  cer- 
tain length  of  time  the  tension  gradually  decreases,  which  means  that 
a  certain  amount  of  fluid  has  been  expressed  from  the  eye. 

He  defines  the  index  of  ocular  drainage  as  the  rate  or  rapidity  with 
which  the  ocular  fluid  may  be  expressed  by  the  weight  of  the  tonometer 
applied  on  the  eye. 

The  intraocular  pressure  may  be  low  in  a  certain  eye,  and  yet  the 
drainage  capacity  may  be  impaired  and  the  elucidation  of  this  fact 
may  clear  up  the  diagnosis  in  doul)tful  cases  of  incipient  glaucoma. 

Investigation  by  this  method  of  the  eyes  of  two  rabbits  and  three 
patients  with  optic  atrophy,  showed  that  the  index  of  drainage  is  not 
the  same  in  every  patient  or  in  the  same  eye  at  different  periods. 

Investigation  of  a  number  of  eyes  in  varying  st^iges  of  glaucoma 
showed  an  impairment  of  function.  In  patients  witli  a  tension  within 
normal  limits  and  yet  a  condition  of  latent  glaucoma.  Ww  diagnosis 
may  apparently  Ix-  cleared  up  to  a  certain  extent. 

Altogether  he  believes  that  there  is  always  a  gradiial  reduction  of 
intra-ocular  pressure  if  the  tonometer  is  applied  on  a  normal  eye  for 
a  certain  number  of  seconds. 

Vol.  VI— 6 


4076  DRANSART'S  OPERATIONS 

The  i-att!  of  reduction  of  intra-ocular  pressure  varies  not  only  in 
various  eyes,  but  also  in  the  same  eye  if  taken  at  dififerent  periods. 

Experimental  evidence  seems  to  indicate  that  changes  of  intra- 
ocular pressure  in  one  eye  may  often  be  followed  by  similar  changes 
of  intra-ocular  pressure  in  the  other  eye. 

Neither  the  experiments  on  rabbits  and  cats  nor  the  examinations 
in  the  operating-room  give  any  clue  regarding  the  existence  of  a  reflex 
or  biochemical  action  starting  from  some  distant  region  and  influenc- 
ing the  intra-ocular  pressure.  The  extra-ocular  muscles  play  an  im- 
portant role  in  the  various  normal  fluctuations  of  the  intra-ocular 
pressure. 

The  ocular  drainage  in  glaucomatous  eyes  differs  from  that  of  nor- 
mal eyes.  The  slower  the  rate  of  drainage,  the  nearer  the  eye  is  to 
an  acute  attack  or  to  absolute  glaucoma ;  the  more  rapid  the  rate  of 
drainage,  the  nearer  to  a  state  of  compensated  glaucoma.  A  reduc- 
tion of  the  rate  of  ocular  drainage  may  mean  latent  glaucoma  in 
spite  of  an  intra-ocular  pressure  which  is  within  the  normal  limit 
(below  26  mm.  Hg). 

The  continuous  fluctuations  in  the  intra-ocular  pressure  and  ocular 
drainage  in  normal  eyes,  the  relative  dependence  of  the  intra-ocular 
pressure  on  the  general  blood-pressure,  and  of  the  latter  on  the  duct- 
less glands,  and  the  probable  relation  existing  l)etween  the  intra-ocular 
pressure  of  both  eyes,  suggest  that  the  present  tendency  of  devising 
all  possible  operative  procedures  for  the  relief  of  intra-ocular  pressure 
in  glaucoma  is  only  a  palliative  measure.  It  is  not  logical.  The 
essence  of  glaucoma  is  not  an  increased  intra-ocular  pressure  just  as 
a  high  blood-pressure  is  not  the  essence  of  arterio-sclerosis. 

Dransart's  operations.  For  ptosis  and  detached  retina.  In  the  former 
instance  the  occipito-frontalis  muscle  is  attached  to  the  lid  by  means 
of  cicatricial  bands.  These  are  produced  by  threads,  which  are  al- 
lowed to  ulcerate  their  way  through  the  tracks  along  which  they  were 
passed.  For  retincd  detachment  an  iridectomy  is  done,  followed  by 
the  recumbent  position,  a  pressure-bandage,  and  hypodermic  in.iection 
of  pilocarpin. 

Draw  tube.     A  tubular  sliding  support  in  optical  instruments. 

Dreams,  Visual  images  of.    See  Psychology,  Ocular. 

Drehachse.     (G.j     Axis  of  rotation. 

Drehblende.     (G.)     Revolving  diaphragm. 

Drehpunkt.     (G.)     Center  or  point  of  rotation. 

Drehungsaxe.     (G.)     Axis  of  rotation. 

Dreifasertheorie.     (G.)     The   Helmholtz    or   three-color    (red,    green, 
violet)  theory.     See  Color-sense  and  color-blindness. 
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Dressing's  for  the  eye.  This  important  subject  is  treated  in  a  special 
way  under  various  captions  dealing  with  single  operations.  E.  C. 
Ellett  (Wood's  System  of  Ophthalmic  Operations,  Vol.  I,  p.  242) 
remarks  that  the  materials  used  for  dressing  the  eye  after  operation 
are  principally  gauze  and  cotton,  held  in  place  by  bandages,  adhesive 
plaster,  shields,  masks,  patches  and  shades.  See,  also.  Vol.  I,  p.  142, 
of  this  Encyclopedia. 

Surgical  gauze  is  usually  plain,  not  impregnated  with  any  medica- 
ment, but  sterilized  by  heat.  A  piece  of  suitable  size  and  shape  and 
two  or  three  layers  thick  is  applied  next  to  the  wound.  If  wet  with 
a  non-irritating  antiseptic  solution,  such  as  boric  acid,  it  will  adapt 
itself  more  perfectly  to  the  irregularity  of  the  part,  and  thus  be  less 
apt  to  shift  its  position,  though  this  renders  it  less  absorbent  than  if 
applied  without  wetting.  Some  surgeons  tease  out  absorbent  cotton 
into  a  thin  layer,  with  the  fibers  all  running  one  way,  and  apply  this, 
wet,  next  to  the  skin.  Whether  gauze  or  cotton  be  used  in  this  way, 
over  it  is  placed  a  pad  of  absorbent  cotton.  The  size  of  the  pad  must 
vary  with  the  object  to  be  attained,  varying  according  to  whether  we 
do  or  do  not  wish  to  make  any  pressure  on  the  parts.  Tn  case  there 
are  cavities  left  in  the  tissues  after  operation,  as  after  removal  of  the 
lachrynnal  sac,  additional  pads  of  gauze  are  so  disposed  as  to  close, 
by  pressure,  these  cavities  so  far  as  possible. 

It  was  formerly  the  custom  with  many  snrgeons,  and  is  still  the 
practice  with  some,  to  use,  instead  of  plain  gauze,  that  which  is  im- 
pregnated with  some  antiseptic.  The  ones  most  commonly  used  were 
the  bichloride  of  mercury,  the  cyanide  of  mercury,  carbolic  acid,  boric 
acid  and  iodoform.  It  is  prol)ably  unnecessary  to  use  any  of  these,  in 
other  words  the  dressing  should  be  aseptic  and  not  antiseptic,  in  the 
event  of  clean  wounds.  In  the  case  of  sloughing  wounds,  or  snr faces, 
and  particularly  cavities,  which  are  healing  by  granulalion.  an  anti- 
septic gauze  for  dressing  may  have  some  advantages.  Iodoform  ganze 
is  objectionable  on  account  of  its  odor,  but  is  thought  by  many  to  he 
of  special  value  in  sloughing  wounds  or  to  stimulate  tlie  granulation 
of  bone  wounds. 

Wolffberg  (Wohnschr.  f.  Therap.  u.  Hyg.  d.  Augcs,  April  2,  1!»08^ 
recommends  dressings  made  of  paper  wool,  because  this  substance  is 
convenient,  absorbs  freely  and  is  better  suited  for  making  pi-essure. 
Iliers  has  for  years  used  as  a  dressing  a  pad  applied  with  adhesive 
plaster.  He  describes  gauze  pads  especially  prepared  for  the  purpos<', 
a.septic  and  kept  in  hermetically  sealed  containers.  Such  pads  are 
applied  and  removed  easily,  even  by  those  not  esixM-iidly  trained. 
They  eost  less  than  a  bainhi^n'.  and  interfere  less  witii  iimd-dn-ss. 
rienth's   experiments   with    intVetcd    dressings,    witli    regai-<l    to    tli.-ir 
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influence  on  the  healing  of  aseptic  wounds  of  the  eyeball,  lead  him  to 
conclude  that  scrupulous  care  in  sterilizing  dressings  is  unnecessary. 
Even  when  completely  sterilized  they  become  contaminated  on  touch- 
ing the  lids,  or  when  they  take  up  fluid  from  the  conjunctival  sac. 

JMitchell  {Ophth.  Rec,  p.  64,  1909)  uses  a  dressing  made  from  thin 
celluloid  board.  A  piece  of  this  is  cut  into  shape  to  fit  the  orbit,  and 
a  sector  is  cut  out,  extending  from  the  upper  periphery  nearly  to  the 
center,  where  its  straight  sides  meet  at  an  angle  of  25  degrees.  These 
sides  are  brought  together,  made  to  overlap  one-fourth  of  an  inch  at 
the  margin,  and  held  in  place  by  a  paper  fastener.  This  gives  the 
shield  a  low,  flat,  conical  form  with  a  border  that  fits  the  parts.  It  is 
held  in  place  by  strips  of  adhesive  plaster.  Talbot  {Jour.  Amer.  Med. 
Assn.,  ii,  p.  1478,  1909)  has  described  a  shield  made  from  wire  net- 
ting, either  monocular  or  binocular,  which  Wyler  points  out  is  essen- 
tially the  lattice  shield  of  Fuchs  that  has  been  in  use  for  twenty-five 
years. 

Drittes  Aug-enlid.     (G.)     Nictitating  membrane. 

Driver's  test.  This  is  a  simple  and  ready  device  for  the  detection  of 
feigned  blindness.  Driver  interposes  a  vertical  ruler,  four  centimetres 
broad,  at  a  definite  distance  between  the  eyes  of  the  patient  and  two 
of  Snellen's  test-types  in  such  a  way  that  the  ruler  acts  as  a  screen 
hiding  the  right  test-type  from  the  left  eye,  and  the  left  test-type 
from  the  right  eye.  If  the  patient  succeeds  in  reading  the  letters  on 
the  two  scales,  he  discloses  his  fraud,  and  at  the  same  time  indicates 
the  degree  of  vision  of  the  eye  which  he  claims  is  defective. 

Droit.     (F.)     Straight,  right,  erect. 

Droit  externe  de  I'oeil.     (F.)     Abducens  oculi.     External  rectus. 

Droitier.     (F.)     A  right-handed  man. 

Droit  inferieur  de  roeil.     (F.)     Rectus  inferior. 

Droit  interne.     (F.)     Rectus  internus. 

Droits  des  medecins.     (F.)     Medical  ethics. 

Droit  superieur  de  I'ceil.     (F.)     Rectus  superior. 

Dropper.  Drop-bottle.  Medicine  dropper.  Eye  dropper.  Drop- 
tube.  Pipette.  This  useful  little  instrument  may  be  described  as 
a  small  glass  tube,  pointed  and  polished  at  one  end,  and  having  a 
rubber  tube  or  cap  at  the  other.  Strohschein 's  eye  dropper,  from 
which  the  rubber  top  is  removed  for  sterilization,  the  pipette  inverted 
and  set  into  the  bottle  Avith  the  tapering  end  uppermost,  both  being 
then  sterilized  together,  is  very  serviceable.  One  precaution  for  keep- 
ing pipettes  clean  is  not  to  allow  them  to  come  into  contact  with  the 
conjunctiva  or  eyelashes  of  the  patient,  and  to  wash  them  out  after 
using,  ill  sterile  water  or  some  antiseptic  solution.     Drop  bottles,  in 
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shape  similar  to  the  ordinary  pipettes,  with  a  somewhat  longer  but 
blunt  beak,  are  also  in  use.  They  require,  however,  skill  on  the  part 
of  the  patient,  who  must  hold  his  head  approximately  horizontal  during 
the  process  of  instilling  lotions  from  them  into  the  eye. 

To  apply  solutions  to  the  eyeball  with  a  medicine  dropper  let  the 
patient  lie  down,  or,  sitting  up,  hold  his  head  slightly  tilted  to  the 
right  (to  medicate  or  cleanse  the  left  eye,  to  the  left  for  the  right 
eye)  and  slowly  drop  about  ten  drops  of  the  solution  upon  the  closed 
lids.  A  pool  of  the  mixture  will  form  at  the  inner  canthus  and  grad- 
ually overflow  into  and  bathe  the  eye  from  that  point  when  the  lids 
are  opened.  In  this  way  the  patient  experiences  no  discomfort  and 
will  be  able  to  rotate  the  eye-ball  in  all  directions  so  that  the  irrigat- 
ing fluid  comes  in  contact  with  the  whole  surface. 

For  the  purpose  of  making  (from  discs,  compressed  tablets,  etc.) 
fresh  solutions  and  preserving  them  from  dust  and  other  contamina- 
tion, Parke,  Davis  &  Co.,  have  prepared  a  medicine  bottle  and  dropper, 
consisting  of  a  graduated  bottle  with  a  capacity  of  4  drachms  of  liquid. 
The  tablets  may  be  dissolved  in  the  necessary  amount  of  water,  and 
the  bottle  closed  by  a  pipette  of  improved  form,  the  ground  sides  of 
which  fit  into  the  neck  of  the  bottle  as  a  stopper,  the  whole  forming 
an  air-tight  container.  The  pipette  is  closed  at  the  top  by  means  of  a 
rubber  diaphragm  which,  when  pressed  down  and  then  released,  will 
cause  some  of  the  solution  to  ascend  the  tube.  By  again  gently  press- 
ing the  diaphragm,  one  or  more  drops  can  be  easily  forced  out. 

Chalk's  bottles  (England)  have  a  rubber  cap  on  a  hollow  stopper 
and  may  be  either  of  clear  or  amber  glass  for  eyewaters  and  similar 
lotions.  They  are  often  surrounded  with  metal  cases  that  may  be  ster- 
ilized and  are  durable  and  suitable  for  traveling. 

A  very  convenient  form  of  eye-dropper  is  a  test-tube  with  a  spout 
half  way  up  the  side  of  it.  In  this  eyedrops  may  be  warmed  if  de- 
sired and  by  simply  inclining  the  tube  the  patient  can  instill  the  drops 
into  his  own  eye.  By  plugging  the  point-end  with  sterile  wool  a  solu- 
tion may  be  kept  sterile. 

Single  drops  are  instilled  with  best  results  by  forming  a  drop  at 
the  end  of  the  pipette  and  simply  touching  the  edge  of  eitlier  lid  with 
it.  If  the  remedy,  eserin  or  atropin,  for  instance,  is  to  chiefly  affect 
the  internal  eye,  the  method  of  instillation  should  be  different.  In 
that  case  the  upper  lid-edge  should  be  drawn  away  from  the  globe — 
the  patient  looking  down — and  the  single  drop  applied  to  the  raised 
margin  beneath  the  eyelashes.  The  watery  solution  flows  over  the 
upper  palpebral  surface  to  the  upper  sulcus,  thence  over  tlie  globar 
surface  to  the  lower  cul-de-sac,  by  which  time  it  lias  ])een  evenly  dis- 
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tributed  over  the  largest  possible  absorbing  area,  leaving  little  or 
none  to  flow  through  the  puncta  into  the  nose. 

This  consideration  is  of  some  importance  when  powerful  remedies 
like  duboisin,  eserin,  hyoscin,  cocain,  atropin,  etc.,  are  employed  for 
long  periods  or  in  strong  doses  and  one  is  desirous  of  avoiding  their 
constitutional  or  toxic  effects,  or  where,  as  in  the  case  of  homatropin 
and  other  expensive  remedies,  the  fullest  effect  is  required  from  the 
smallest  dose  or  weakest  solution.  In  both  instances  this  plan  serves 
to  promote  complete  absorption  and  the  maximum  local  effect  of  the 
instillation. 

In  many  cases  of  sensitive  eyes  or  still  more  sensitive  patients  who 
complain  that  a  collyrium  irritates,  the  eyewater  should  be  warmed. 
As  it  is  not  feasible  to  warm  the  bottle  each  time  drops  out  of  it  are 
to  be  used,  the  medicine  dropper  may  be  completely  filled  with  very 
hot  water,  then  emptied  and  a  few  drops  of  the  collyrium  drawn  up 
into  the  pipette.  The  heat  of  the  glass  will  be  sufficient  to  warm  the 
eyewater,  when  it  should  be  immediately  instilled. 

To  insure  slow  and  complete  absorption  of  remedies  it  is  a  good 
plan  to  dissolve  them  in,  or  mix  them  with,  some  oily  or  fatty  men- 
struum such-  as  olive,  almond  or  castor  oil,  vaselin,  lard,  etc.  These 
oily  solutions  and  ointments  form  most  valuable  applications  in 
chronic  diseases  of  the  eye. 

Irrigation  of  the  conjunctival  sac  and  the  anterior  surface  of  the 
globe  for  sterilizing  these  and  for  the  removal  of  discharge  and  other 
accumulations,  is  accomplished  by  means  of  weak  solutions  of  any 
one  of  the  antiseptics  used  in  ocular  therapeutics,  e.  g.,  bichlorid 
of  mercury  (1-10,000),  normal  salt  solution,  boric  acid,  borate  of  soda 
(4  per  cent.),  formalin,  1:5000,  or  sterilized  water.  The  lavage 
should  be  copious,  and  is  most  effective  when  the  solution  is  warm. 

Of  the  many  appliances  at  our  command  one  of  the  most  useful 
for  the  purposes  of  irrigation  is  the  undine,  although  an  ordinary 
fountain  syringe,  the  usual  hospital  irrigator  or  a  rubber  tube  syphon, 
will  serve  every  purpose.  Care  should  be  taken  that  the  stream  of 
water  which  strikes  the  eye  should  not  come  with  too  much  force  and 
that  the  end  of  the  pipette  should  not  touch  the  cornea,  or  anterior 
portion  of  the  eyeball,  lest  these  parts  be  injured.  Thorough  flushing 
of  the  parts  rather  than  the  employment  of  force  is  the  object  of  irri- 
gation. The  nozzle  of  the  irrigating  apparatus  (the  glass  pipette  of  a 
large  medicine  dropper  acts  admirably)  should,  consequently,  not  be 
directed  at  the  globe;  it  ought  to  be  held  nearly  parallel  with  the  lid 
edges. 

In  irrigating  the  upper  sulcus  and  upper  aspect  of  the  globe  the 
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patient  looks  down  while  the  upper  lid  is  gently  drawn  away  from 
the  eyeball.  This  exposes  the  upper  cul-de-sac  to  the  cleansing  action 
of  the  irrigating  stream.  To  cleanse  the  lower  sac  the  patient  looks 
up,  while  the  surgeon  draws  down  the  lower  lid.  The  stream  in  most 
cases  should  be  directed  towards  the  inner  canthus  and  not  allowed 


Convolute  Eye  Dropper. 

to  fall  directly  on  the  eyeball.  If  this  precaution  is  not  taken  the 
patient  will  invariably  resist,  by  closing  the  lids  tightly,  and  difficulty 
will  be  experienced  in  effecting  a  thorough  irrigation. 

The  convolute  eye  dropper  receives  its  name  from  a  spiral  glass 
tube  arrangement  in  the  neck  of  the  dropper  as  may  be  seen  by  re- 


Container   and    Medicine   Dropper   of    De   Lajjcrsonne. 

ferring  to  the  cut.  This  "pigtail"  prevents  any  of  the  solution  rising 
into  the  top  of  the  dropper  and  coming  into  contact  with  the  i-uhlu'i-. 
This  is  prevented  even  if  the  dropper  is  allowed  to  lay  on  its  side. 

The  bottle  contains  approximately  one  ounce  and  has  a  compara- 
tively broad  base.  The  rubber  cap  is  made  of  the  best  quality  bandage 
rubber,  is  greatly  superioi-  to  the  ordinary  rubber  top,  liesides  being 
easily  removable. 

Allot lici-  practical  iiicdiciiic  droppci-  is  the  compte-goitttes  of  De 
Lapersonne  which,  however,  is  used  as  a  combined  container  and 
pipette.  The  dropper  having  Ihmh  lill(!d  with  the  sterile  solution 
(cocain,  atropin,  stovain,  etc.)    is  closed  by   melting  the  ciid  of  each 
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arm  by  the  alcohol  flame.  When  about  to  be  used  the  terminals  are 
broken  off.  They  are  marketed  in  six  colors,  each  color  correspond- 
ing to  a  particular  agent ;  so  that  no  label  is  needed.    See  the  figure. 

Dropping  experiment.  A  simple  experiment  devised  by  Bering  to 
show  whether  there  is  normal,  binocular  act  of  vision.  A  cylindrical 
tube,  25  cm.  long,  and  wide  enough  to  be  looked  through  with  both 
eyes,  has  at  one  end,  and  fastened  on  its  outside,  two  long  needles, 
which  must  be  so  bent  outward  that  they  cannot  be  seen  on  looking 
through  the  tube.  A  fine  silken  thread  connects  the  point  of  one 
needle  with  that  of  the  other.  Midway  between  the  needles  is  a  knot 
in  the  thread,  or  a  small  bead,  which  then  lies  in  the  centre  of  the 
field  of  vision  of  the  tube.  The  tube  is  held  close  before  the  face, 
with  the  thread  horizontal,  and  the  patient  looks  through  the  tube 
with  both  eyes;  the  bead  in  the  middle  serves  as  a  fixation  point. 
Small  balls  of  different  sizes  are  allowed  to  fall  about  twelve  times, 
one  after  the  other,  some  before  and  some  behind  the  bead.  One  who 
sees  binocularly  can  tell  with  certainty  whether  a  ball  falls  within  or 
beyond  the  fixation  point,  while  one  who  perceives  the  retinal  image 
of  one  eye  only  is  frequently  deceived.     (Foster.) 

Dropping-  of  nasal  fluid.    See  Hydrorrhea,  Nasal. 

Drop  serene.      Gutta  serena.     An  old  term  for  amaurosis. 

Drop-shutter.     A  rapid  photographic  shutter. 

Dropsy,  Epidemic.  The  only  ocular  complication,  known  to  the  Editor, 
of  this  tropical  disease  is  that  described  by  Maynard  {The  Indian 
Medical  Gazette,  Vol.  44,  No.  10).  He  drew  attention  to  a  condition 
of  increased  intraocular  tension,  occurring  as  a  complication  of,  or 
at  all  events,  in  association  with,  the  affection.  At  the  time  of  writing 
he  had  met  with  more  than  twenty  cases.  The  ocular  signs  he  has 
found  are  a  slightly  steamy  cornea;  a  small  or  moderately  dilated 
pupil,  acting  sluggishly  to  light;  an  absence  of  vascular  injection;  a 
decided  increase  of  tension.  Subjectively  the  patient  notices  dim- 
ness of  sight  and  colored  rings,  and  occasional  pain.  In  two-thirds 
of  the  cases  pathological  cupping  of  the  disc  was  present.  The  retinal 
veins  were  usually  engorged  and  they  and  the  arteries  showed  pressure- 
pulsation.  In  some,  recovery  had  ensued;  in  others  complete  blind- 
ness. 

Two-thirds  of  the  patients  were  men,  one-third  women.     The  ages 
of  all  but  two  were  under  36. 

Maynard  was  not  prepared  to  specify  the  exact  nature  of  the  con- 
dition he  described,  and  its  relation  to  epidemic  dropsy. 

Dropsy  of  the  capsule  of  Tenon.  A  term  applied  by  Carron  du  Vil- 
lard  to  a  variety  of  exudation  cyst  involving  the  capsule  of  Tenon. 
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Dropsy  of  the  eye.     Ilydrophtlialmia. 

Dropsy  of  the  lachrymal  sac.  Distension  of  the  lachrymal  sac  with 
mucus  or  muco-pus. 

Dropsy  of  the  optic  sheath.  An  accumulation  of  serous  fluid  between 
the  outer  and  inner  sheaths  of  the  optic  nei^e,  said  to  occur  usually 
between  the  eyeball  and  the  optic  foramen ;  or  between  tlie  optic  fora- 
men and  the  chiasm. 

Drouot,  Theophile.  A  well-known  Parisian  oculist  and  empiric  of  the 
early  19th  century.  Bom  at  Bordeaux,  in  1803,  he  received  his  medi- 
cal degree  at  Paris  in  1832.  He  seems  to  have  practised  mostly  in 
Paris;  part  of  the  time,  however,  in  Bordeaux.  He  wrote:  "Re- 
cherches  sur  la  Crystallin  et  ses  Annexes"  (Bordeaux,  1837)  ;  "Nou- 
veaux  Traites  des  Cataractes,  ses  Causes  et  sa  Traitement  sans  Opera- 
tions Chirurgicales"  (Paris,  1840,  av.  pi.)  ;  "Des  Maladies  de  I'Oeil, 
Confondus  sous  les  Noms  d'Amaurose,  Goutte  Serene"  (1841)  ;  "Des 
Erreurs  des  Oculistes"  (1843)  ;  "La  Verite  sur  le  Traitement  des 
Cataractes  et  sur  les  Resiiltats  des  Operations  Chirurgicales" — con- 
taining a  vicious  attack  on  Sichel — (1848);  "Traite  Medical  des 
Cataractes,  des  Neiiralgies,  des  Amauroses"  (1857). 

His  medical  treatment  of  cataract  consisted  in  the  use  of  quinine, 
quassia,  potassium  iodide,  belladonna,  and  aconite,  according  to  the 
symptoms  present  in  the  given  case. —  (T.  H.  S.) 

Druck.     (G.)     Tension  or  pressure. 

Druckempfindlichkeit.     (G.)     Tenderness  to  pressure. 

Druckmesser.     (G.)     Manometer.     Tonometer. 

Drucksteigerung.     (G.)     Increase  of  tension. 

Druckstreichungen.  (G.)  In  massage,  a  combination  of  friction  or 
sti'okiiii,'  and  pressure  or  kneading. 

Druckverband.     (G.)     Compress  bandage. 

Drug-  conjunctivitis.  This  is  the  title  commonly  given  to  atropin  con- 
junctivitis, and  it  may  properly  be  applied  to  those  uncommon  cases 
of  conjunctival  follicles  which  are  caused  by  the  application  of  cer- 
tain medicines  (atropin,  cocain,  homatropin,  hyoscyamin,  duboisin, 
'eserin,  and  arccolin)  to  the  conjunctiva.  The  toxic  effect  may  follow 
a  single  application  of  the  drug  or  may  come  only  after  prolonged  use 
of  it.  In  the  former  case  the  skin  of  the  lid  becomes  dry,  red,  and 
swollen  and  may  appear  like  erysipelas.  Examination  will  show  the 
presence  of  follicles,  which  are  particularly  numerous  in  the  lower 
fornix.  This  type  of  tlie  disease  is  more  often  found  in  adnlts  tban 
in  children. 

In  the  second  form,  after  long  use  of  a  mydriatic  or  miotic,  there 
is  tbe  sudden  appearance  of  an  acute  catarrhal  conjunctivitis  with 
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mucopurulent  discharge.  Inspection  shows  the  presence  of  follicles. 
Glorieux  considers  that  the  affection  is  a  paralysis  of  the  vasomotor 
nerves,  with  sequent  dilation  of  conjunctival  vessels.  Idiosyncrasy 
must  be  a  factor  in  some  cases.  A  frequent  cause  is  the  presence  of 
germs  in  the  solution  used,  or  the  existence  of  a  chemical  impurity. 
Some  cases  are  caused  by  the  transference  of  septic  material  by  un- 
clean eye-droppers. 

The  use  of  the  drug  should  be  discontinued  and  hot  applications  of 
the  dilute  subacetate  of  lead  can  be  used.  De  Schweinitz  uses  a 
1  per  cent  strength  solution  of  creolin  in  atropin  conjunctivitis. 
Tannin  and  glycerin  solutions  are  valuable  remedies.  The  skin  of  the 
lids  should  be  smeared  with  the  ointment  of  ammoniated  mercury 
(1  to  20).  See,  also,  Yol.  I,  p.  674,  and  Vol.  V,  p.  3167  of  this 
Encyclopedia. 

Drummond,  James  L.  A  comparative  anatomist,  who  did  excellent 
work  in  coiniection  with  the  comparative  anatomy  of  the  eye.  His 
life  dates  are  unknown.  An  Irishman  by  birth,  he  studied  at  the 
University  of  Edinburgh,  receiving  his  medical  degree  in  1814,  with 
the  thesis,  "De  Oculi  Anatomia  Comparativa."  He  practised  for  a 
time  in  Belfast.  His  most  important  composition  was  "On  Certain 
Appearances  Observed  in  the  Dissection  of  the  Eyes  of  Fishes" 
(1815).— (T.H.  S.) 

Drum,  Test.  A  cylinder,  one  opening  of  which  is  covered  with  kid 
or  parchment  for  testing  the  sharpness  of  instruments. 

Driisen.     Glands. 

Drusen.  Verrucosities  of  the  lamina  vitrea.  Beard  {Semiology  and 
Diagnosis,  p.  350)  gives  the  following  excellent  account  of  these  fundus 
changes:  This  affection  may  be  confounded  with  retinitis  punctata 
albescens.  The  anatomic  feature  consists  in  more  or  less  numerous 
minute,  nipple-like  prominences  which  spring  from  the  inner  sur- 
face of  the  lamina  vitrea,  elevating  and  causing  pressure  atrophy  of 
the  pigment  epithelium.  They  manifest  themselves  as  light  spots  or 
white  spots  in  accordance  with  the  density  of  the  epithelial  pigment, 
and  the  altitude  of  the  excrescences.  In  the  darker  eyegrounds,  with 
only  moderate  elevation  of  the  growths,  the  dots  are  smaller  and  of 
orange  tint.  With  lighter  eyegrounds  or  excessive  development 
of  the  "drusen"  the  spots  are  larger,  rounder,  and  brilliant  yellow  or 
white.  Their  diameter,  however,  is  never  greater  than  1  mm.  ophthal- 
moscopic magnification.  They  are  not  outlined  with  pigment,  and 
they  are  most  frequently  bilateral,  though  not  symmetrically  so. 
Their  favorite  localities  are  the  peripapillary  and  perimacular 
regions.     They  appear  in  clusters  or  constellations,  and  this  consti- 
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tutes  one  of  their  most  distinctive  traits.  Individually  their  form  is 
not  so  round  as  that  of  the  white  spot  of  white  punctate  retinitis. 

At  times  these  growths  reach  such  proportions  as  to  disturb  the 
function  of  the  rods  and  cones  upon  which  they  impinge,  but  ordi- 
narily they  do  not  interfere  with  vision.  They  are  essentially  an  ex- 
pression of  senility.  This  is  the  affection  that  was  described  in  1881 
by  Mr.  Warren  Tay,  then  assistant  to  Hutchinson,  and  that  has,  in 
consequence,  been  often  referred  to  as  Tay's  choroiditis;  and  probably 
the  same  that,  when  situated  at  the  posterior  pole,  was  by  Nettleship 
called  central  senile  guttate  choroiditis.  These  spots  are  not  to  be 
confused  with  Gunn's  dots,  which  appear  only  in  the  macula  and  in 
young  subjects;  nor  with  the  irregular  light  or  white  patches,  alter- 
nating with  pigment,  in  central  senile  atrophy.  The  disease  is  slowly 
progressive. 

A  case  of  drusen  of  the  head  of  the  optic  nerve  is  reported  by  Fejer 
(Graefe's  Archiv.  f.  Ophth.,  LXXII,  p.  454,  1909).  The  patient 
gave  a  history  of  prolonged  illness  with  typhoid  and  kidney  disease; 
and  vision  was  reduced  to  5/30  with  contraction  of  the  field,  due  to 
optic  atrophy.  In  a  case  reported  by  Chevallereau  (Graefe's  Archiv. 
f.  OplitUalm.,  73,  p.  454,  1909)  there  were  also  hyaline  bodies  in  the 
choroid,  and  cholesterin  crystals  in  the  vitreous.  Vision  was  reduced 
to  1/4  and  1/3. 

Hesse  (Graefe's  Archiv.  f.  Ophthalm.,  p.  219,  1910)  gives  the 
photographs  of  the  fundus  of  both  eyes  of  a  woman,  aged  80,  showing 
typical  drusen  of  the  choroid  in  the  macular  region.  A  photograph 
taken  three  years  later  shows  extensive  changes  at  the  macula  with 
hemorrhage.  The  case  raises  the  question  whether  such  drusen  are 
as  harmless  as  is  commonly  supposed,  or  whether  the  su])sequent 
macular  changes  may  not  have  been  a  further  evolution  of  the  primary 
formations. 

Lauber  (Zcit.  f.  Auge-nh.,  Yo\.  29,  p.  201,  1913)  records  three  in- 
stances of  drusen  of  the  optic  nerve.  In  the  first  case  the  margins  of  the 
optic  nerve  head  were  indistinct,  the  vessels  strongly  contracted.  The 
crystals  were  in  the  upper  part  of  the  disk.  Function  was  normal.  In 
the  second  case  the  crystals  wore  in  tlu'  nasal  portion  of  the  papilla  and 
the  neighboring  ritina.  'I'lurc  were  several  small  scotomata  about 
fixation  in  the  thii'd  instance.  The  patient  was  blind  in  one  eye  and 
could  count  fingers  with  the  other.  There  was  optic  atrophy,  assumed 
to  })('  due  to  hypophyseal  tumor.  The  crystals  were  in  both  papillae. 
The  author  points  out  that  the  accompanying  neuritis  may  in  some 
cases  be  excited  by  the  crystals  rather  than  the  cause  of  their  forma- 
tion.    Tn  a  patient  willi  j)ignicntary  degeneration  of  the  retina,  Tiiom- 
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son  {Ophthalmoscope,  Vol.  11,  p.  19,  228,  254,  1913)  saw  in  both 
eyes  rounded,  semi-translucent,  grayish  masses  over  the  margin  of 
the  optic  disk.  He  believes  the  nodules  to  have  been  hyaline.  In 
a  case  of  pigmentary  degeneration  of  the  retina  in  which  the  pigment 
extended  almost  up  to  the  disk,  Oliver  {Ophthalmoscope,  Vol.  11, 
p.  716,  1913)  saw  hyaline  masses  at  the  disk.  In  one  eye  there  were 
oblong,  glistening,  semi-translucent,  yellowish-white  masses  overlying 
both  the  nasal  and  temporal  margins  of  the  disk.  In  the  left  eye  there 
were  several  masses  of  similar  appearance  but  of  more  round  outline. 
The  retinal  vessels  lay  beneath. 

Driisenartig.     Resembling  a  gland  in  structure. 

Dry  catarrh.     Hyperemia  of  the  conjunctiva. 

Dry  coll3n:ia.  A  class  of  collyria  for  the  eyes,  composed  of  dry  in- 
gredients, generally  in  compressed,  tablet  form,  intended  to  be  dis- 
solved in  water.    Originally  eollja-ia  were  all  of  this  form. 

Dry  objective.  An  objective  is  called  "dry"  when  the  slip  covering 
the  object  is  separated  from  the  objective  by  a  layer  of  air. 

Duane's  clinometer.  A  device  for  estimating  torsional  deviations  of 
the  eye.  This  apparatus  may  also  be  used  in  the  study  of  meta- 
morphopsia. 

Duane's  syndrome.  Duane's  Table.  The  collective  symptoms  of  a 
complex,  congenital  anomaly  of  the  ocular  motility.  These,  accord- 
ing to  Green,  are  given  by  Duane  himself  as  follows : 

1.  Complete  (less  often  partial)  absence  of  outward  movement  in 
the  affected  eye.  2.  Partial  (rarely  complete)  deficiency  of  move- 
ment inward  of  the  affected  eye.  3.  Retraction  in  adduction.  4. 
Oblique  movements  up  and  in  or  down  and  in,  in  adduction.  5.  Par- 
tial closure  of  the  eyelids  of  the  affected  eye  in  adduction.  6.  Paresis 
or  marked  deficiency  of  convergence,  the  affected  eye  remaining  fixed 
while  the  sound  eye  is  cobverging. 

Fifty-four  cases  had  been  collected  hj  Duane  in  1905,  and,  to  these, 
Green  (John,  Jr.,  of  St.  Louis,  Mo.)  has  added  four. 

In  general,  treatment  may  be  said  to  be  of  no  use.  In  a  single  case, 
however,  that  of  a  young  girl  "without  the  power  of  adduction  since 
two  years  of  age,"  an  adductive  power  of  30  degrees  was  obtained  by 
splitting  the  superior  and  inferior  recti  muscles  and  inserting  the 
temporal  halves  "at  the  line  of  attachment  of  the  external  rectus." 
(See  Trans.  Am.  Acad,  of  Oph.  and  Oto-Lar.,  1913).— (T.  H.  S.) 

Du  Bois,  Abram.  Born  in  1810,  he  died  in  New  York  City,  Aug.  29, 
1891.  He  was  a  pupil  of  Dr.  Kearney  Rodgers,  and  one  of  the 
founders  of  the  American  Ophthalmological  Society.  He  wrote  very 
little,  but  was  an  excellent  operator  and  a  munificent  benefactor  of 
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ophthalmolog3\  For  nearly  fifty  years  lie  was  attending  and  con- 
sulting surgeon  to  the  New  York  Eye  and  Ear  Infirmary,  and,  after 
his  death,  his  family  presented  the  sum  of  $80,000  for  the  erection  of 
a  new  pavillion  at  that  institution  as  a  memorial  to  the  husband  and 
father.  William  A.  Du  Bois,  Matthew  B.  Du  Bois,  and  Catherine 
Du  Bois,  sons  and  daughter  of  Abram  Du  Bois,  also  presented  to 
Columbia  University  the  sum  of  $18,000,  to  be  used  for  the  purpose 
of  founding  a  scholarship  in  ophthalmology  to  be  known  as  "The 
Doctor  Abram  Du  Bois  Memorial  Fund."  The  holder  of  the  scholar- 
ship is  expected  to  devote  himself  to  post-graduate  studies,  preferably 
of  a  scientific  character,  connected  with  ophthalmology  in  foreign  and 
American  universities. —  (T.  H.  S.) 

Duboisia  hopwoodii.  The  Duhoisia  pituri  of  Australia,  a  plant  closely 
allied  to  Dubuisia  myoporoides.  The  leaves  are  chewed  by  the  natives 
as  a  stimulant,  and  yield  duboisin  (q.  v.). 

Duboisia  leichardtii.  An  Australian  plant  allied  to  Duhoisia  myopo- 
roides. 

Duboisia  myoporoides.  The  cork-wood  of  New  South  Wales.  It  is  a 
tall  shrub  found  in  Australia,  bearing  white  flowers  and  a  globular 
berry.  The  leaves  contain  duboisin,  this  plant  being  one  of  the  chief 
sources  of  that  alkaloid. 

Duboisin.  The  leaf  of  the  Duhoisia  myoporoides  (corkwood  elm)  con- 
tains about  one  per  cent,  of  alkaloids,  mostly  hyoscyamin,  a  little 
hyosein  and  another  crystalline  alkaloid  called  pseudohyoscyamin.  As 
a  mydriatic  duboisin  sulphate  (probably  mixed  alkaloidal  sulphates) 
is  used  as  a  substitute  for  atropia,  1  grain  to  the  ounce  of  water  being 
considered  equal  to  a  one  per  cent,  solution  of  atropia. 

This  alkaloid  is  also  obtained  from  atropa  belladonna,  hyoscyamus 
niger,  datura  strammonium  and  several  other  varieties  of  duboisia, 
besides  the  myoporoides  of  New  Caledonia,  e.  g.,  the  D.  hopwoodii,  or 
pituri-plant,  of  New  South  Wales  and  Queensland.  The  leaves  and 
small  branches  of  the  various  varieties  of  duboisia  are  chewed  by  the 
natives  as  a  stimulant.  Dul)oisin  is  thus  probably  a  mixture  of  several 
alkaloids.  It  is  easily  dissolved  by  ether  and  alcohol,  but  is  not  readily 
soluble  in  water.  It  occurs  as  a  brownish,  hygroscopic  substance  which 
is  two  or  three  times  more  powerful  than  atropia.  Merck  furnishes  it 
as  the  hydrochloride,  although  the  N.  D.  refers  to  the  commoner  salt, 
duboisin  sulphate.  This  drug  is  prescribed  as  a  substitute  for  atropin 
when  the  action  of  that  remedy  is  unsatisfactory,  although  hyoscyamin 
differs  little  or  none  from  it  clinically,  and  is  probably  identical  with 
part  of  it  chemically. 

Santos  Fernandez  (Revue  Generale  d'Oplital.,  Dec,  1912)  formerly 
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used  atropiii,  but  since  de  Weeker  and  Panas  reported  so  favorably 
upon  the  more  powerful  and  less  toxic  effect  of  duboisin,  has  been 
converted  to  its  use.  Children  absorb  atropin  very  readily  through 
the  lachrymal  passages,  and  show  marked  intoxications  which  do  not 
follow  du])oisin.  This  also  applies  to  adults  who  show  drug  idiosyn- 
crasies. The  action  upon  the  nervous  system  of  duboisin  is  sedative 
and  hypnotic,  and  can  be  used  with  success  in  mania,  insomnia,  alco- 
holism, etc.  Children  are  flushed  and  excited  by  atropin,  so  that  the 
author  always  dilutes  one  drop  of  a  one-half  per  cent,  solution  in 
fifteen  drops  of  water  in  newborn  children,  as  we  know  that  atropin 
dilates  the  pupil  in  doses  of  0.0002.  In  one  case  a  young  woman  was 
delirious  after  atropia  for  several  hours,  and  from  instillations  into 
the  conjunctival  sac.  However,  he  also  relates  a  case  in  which  one 
drop  three  times  a  day  of  a  one  per  cent,  solution  of  duboisin  was 
quite  toxic.  Fernandez  finds  the  cycloplegic  action  of  atropin  and 
duboisin  nearly  equal,  but  the  toxicity  of  the  latter  is  less  violent  and 
less  frecpient  than  the  former,  and  he  recommends  its  exclusive  use, 
without  exception,  in  all  cases  of  children. 

Duboseq's  colorimeter.  An  instrument  for  determining  the  amount 
of  hemoglobin  in  the  blood  by  a  comparison  of  its  color  with  the  tints 
of  a  graded  series  of  crimson-glass  plates. 

Duchenne's  disease.  A  disease  of  the  pons  and  other  cerebral  struc- 
tures, producing  the  nuclear  form  of  facial  paralysis,  including 
lagophthalmos. 

Duck.  The  blood  of  the  duck  was  often  employed  in  Greco-Roman 
antiquity  as  a  remedy  for  ocular  wounds. —  (T.  H.  S.) 

Duction  power.  The  force  inherent  in  an  extrinsic  muscle  (or  group 
of  muscles)  to  rotate  the  eyeball  in  one  or  more  directions.  Thus,  we 
speak  of  sursumduction,  ahduction,  etc. 

Duct,  Lachrymo-nasal.  During  the  third  month  of  embryonic  life, 
there  arises  from  the  conjunctival  portion  of  the  naso-lachrymal 
groove  an  epithelial  bud,  which  develops  straight  downward  through 
the  mesenehyma  into  the  nose.  Hence,  the  ductus  nasolachrymalis, 
thus  formed,  is  a  secondary  growth  and  does  not  represent  the  pri- 
mary cells  position  of  the  lachrymal  duct. — (H.  S.  G.)  See,  also. 
Anatomy  of  the  eye,  as  well  as  Histology  of  the  eye. 

Ductus  ad  nasum.     Nasal  (or  lachrymo-nasal)  duet. 

Ductus  oculi  abducentes.      A  synonym  of  vence  vorticoscB. 

Duddel,  Benedict.  Sometimes  spelled  Diiddell.  Neither  the  time  nor 
the  place  of  his  birth  or  of  his  death  is  ascertainable.  He  is  sup- 
posed to  have  practised  in  London,  but  there  is  much  doubt  even 
about  that.     However,  he  was  certainly  an  English  oculist,  who  flour- 
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ished  in  the  earlier  decades  of  the  eighteenth  century.  He  was,  we 
may  say  with  equal  certainty,  a  pupil  of  Woolhouse,  the  great  English 
oculist  and  charlatan,  who  practised  in  Paris. 

Duddel's  works  are  as  follows:  "Prosodia  Chirurgica"  (London, 
1729)  ;  "Treatise  on  the  Diseases  of  the  Horny  Coat  of  the  Eye  and 
the  Various  Kinds  of  Cataracts"  (London,  1729)  ;  "Appendix  to  the 
Treatise  of  the  Eye  and  the  Cataract,  with  an  Answer  to  Cheselden's 
Appendix  Kelating  to  His  New  Operation  Upon  the  Iris  of  the  Eye" 
(London,  1833)  ;  "A  Supplement  to  the  Treatise  on  the  Diseases  of 
the  Horny  Coat,"  etc.  (London,  1736). 

Duddel  is  especially  important  for  the  history  of  cataract  extrac- 
tion. He  it  was  who  proposed  (in  the  third  of  the  works  above 
mentioned)  that,  in  cases  of  soft  cataract  which  would  not  go  to  the 
floor  of  the  vitreous  chamber  under  the  pressure  of  the  cataract-needle, 
to  make  an  incision  in  the  cornea  and  the  anterior  capsule  of  the  lens, 
and  so  to  extract  the  cataract.  The  date  of  this  proposal  was  1733, 
so  that,  as  the  letter  in  which  Daviel  announced  (in  " Mercure  de 
France")  his  method  of  extraction  did  not  appear  till  1748,  it  is  easy 
to  see  that  Duddel  was,  in  a  sense,  a  predecessor  of  Daviel  in  the  per- 
formance of  cataract  extraction.  However,  Duddel  actually  ex- 
tracted only  such  cataracts  as  had  been  dislocated  into  the  anterior 
chamber,  and,  moreover,  had  in  mind,  it  would  seem,  nothing  but 
cataracts  of  the  soft  variety. 

The  way  in  which  Duddel  performed  his  operation  is  interesting. 
He  employed  a  lancet  concealed  in  a  canula..  With  this  device  he 
perforated  the  cornea,  just  beneath  the  lower  margin  of  the  pupil. 
Then,  drawing  the  lance  back  into  the  canula,  he  introduced  the  latter 
(with  the  lance  still  in  it)  into  the  anterior  chamber  and  as  far  as  the 
inferior  pupillary  border.  Pulling  the  edge  of  the  iris  down,  he  once 
again  made  use  of  the  lancet,  this  time  for  the  purpose  of  incising 
the  anterior  lenticular  capsnlo.  He  then  seized  the  lens  with  a  hook, 
and  drew  it  forth. 

Duddel  also  contributed  useful  information  concerning  the  develop- 
ment of  after-cataract.  Thus,  in  answer  to  Taylor's  inquiry  as  to 
whether,  after  a  couching  operation  in  a  young  person,  a  cataract  can 
again  appear  in  the  same  eye,  without  the  reclined  lens  having 
mounted  to  its  old  position,  Duddel  replied  that  this  could  be  the  case, 
the  cause  thereof  being  a  cloudiness  in  the  anterior  capsule  of  the  lens 
(arachnoides)  produced  by  an  inflammation  in  that  sti'ucture. 

There  is  also  a  curious  passage  in  the  first  of  Duddel's  oplilhiil- 
rtiologic  writings  f'A  ''I'rcalise,"  etc.")  in  which  he  (Icclarcs  th;i1,  in 
niifcor-nwikci's,  li1fh'   h;ills  of   iiici-iMir\-    fofiii    in    fhc  iintrfior   rh;iin))rr 
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of  the  eye  and  that  these  can  be  removed  in  no  other  way  than  via  an 
incision  in  the  cornea.— (T.  H.  S.) 
Duddell,  Membrane  of.     A  synonym  of  the  membrane  of  Descemet. 

See  Duddel,  Benedict. 
Dufour,  Marc.  ]>orn  in  1843  at  Villeneuve,  he  received  his  medical 
degree  in  1865  from  the  University  of  Ziirich.  Then  he  studied 
ophthalmology  nnder  Horner  in  Ziirich,  Liebreich  in  Paris,  and  von 
Graefe  in  Berlin.  For  a  time  he  was  first  assistant  to  von  Graefe. 
Then  he  was  called  to  the  Lausanne  Asile  des  Aveugles,  serving  first 
as  chief  assistant,  then  as  chief.  Serving  for  a  time  with  the  Swiss 
Ambulance  Corps  in  the  Franco-German  war,  he  settled  again  in 
Lausanne,  becoming  professor  of  ophthalmology  in  the  university. 

He  was  a  skilful  operator,  a  prolific  writer,  an  honest  and  amiable 
man.    He  is  said  to  have  been  a  most  charming  talker. 

He  received  the  decoration  of  the  Legion  d'Honneur  in  1906. 

While  engaged  in  a  consultation  at  the  Lausanne  Augenklinik,  he 
fell  dead,  of  apoplexy,  July  29,  1910.— (T.  H.  S.) 
Du^as,  Louis  Alexander.  Born  at  Washington,  Ga.,  in  1806,  he  re- 
ceived his  early  education  from  a  private  tutor.  Having  studied  for 
a  time  with  a  preceptor,  Dr.  John  Dent,  of  Augusta,  he  proceeded  to 
the  University  of  Maryland,  at  which  institution  he  received  his  medi- 
cal degree  in  1827.  For  the  next  four  years  he  studied  in  Europe. 
Returning  to  America,  he  settled  for  the  practice  of  his  profession  in 
Augusta.  In  1832  he  was  one  of  the  founders  of  the  Medical  College 
of  Georgia,  in  which  institution  he  held  the  chair  of  surgery  from 
that  date  until  his  death.  He  was  several  times  president  of  the 
Georgia  Medical  Association  and,  from  1851  to  1858,  was  editor  of 
the  Southern  Medical  and  Surgical  Journal. 

Though  chiefly  a  general  practitioner,  he  devoted  much  attention 
to  the  eye.  He  invented  the  Dugas  operation  for  corneal  staphyloma, 
much  in  vogue  for  many  years,  though  now  a  little  antiquated.  He 
was  the  first  in  history  to  treat  purulent  ophthalmia  by  solutions  of 
chlorid  of  sodium — a  method  of  treatment  which,  as  is  very  well 
known,  not  infrequently  succeeds  when  the  silver  solutions  are  useless. 

In  1833  he  married  Mary  C.  Barnes ;  in  1840,  Louisa  V.  Harriss. 

He  died  at  Augusta,  Ga.,  in  1884.— (T.  H.  S.) 
Duges,  Antoine.  A  French  physician,  obstetrician  and  comparative 
anatomist,  of  some  importance  in  ophthalmology.  Born  in  1798,  he 
received  his  medical  degree  at  Paris  in  1821.  For  a  time  he  was 
prosector  of  the  medical  faculty  at  Paris;  then  he  removed  to  Mont- 
pelier  and  died  in  1838. 
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Aside  from  works  of  a  general  character,  he  wrote : 

1.  Recherches  Experimeutales  Relatives  a  I'Operatiou  de  la  Cata- 
raete.     {Memorial  des  Hop.  de  Midi,  1830,  pp.  255-260.) 

2.  Hemiopsie    Circulaire    Guerie    par    les    Narcoticiues.       {EphSm. 
Med.  de  Montpellier,  1828.    Vol.  II,  pp.  254-263.)  — (T.  H.  S.) 

Duhring's  disease.     Dermatitis  herpetiformis.    At  least  one  case  has 

'heen  reported   by  Balzer  and  Sevestre    {Bee.  d'Opht.,  p.   93,   1909) 

where  bullw  formed  on  the  lid  margins  and  were  followed  by  symble- 

pharon  and  corneal  opacities.     See,  also.  Dermatitis  herpetiformis. 

Dujardin's  test.  This  is  one  of  several  tests  for  ocular  malingering. 
See  p.  1178,  Vol.  II,  of  this  Encyclopedia. 

Duke  Carl  Theodore  of  Bavaria.  A  member  of  the  Royal  family  of 
Bavaria,  Avho  became  a  celebrated  ophthalmologist.  See  Wittlesbach. 
— (T.  H.  S.) 

Dumbness,  Word-,  See  Visual  aphasia;  as  well  as  Neurology  of  the 
eye. 

Dumb  telescope.     A  telescojie  tube  witliout  glasses,  for  sighting  only. 

Dunbar's  serum.     See  Pollantin. 

Duncan,  Robert  Hunter.  A  prominent  Canadian  ophthalmologist, 
who  was  l)()rn  at  Harrington,  Nova  Scotia,  and  died  Oct.  31,  1910,  at 
Jamaica  Hospital,  Long  Island.  His  early  education  was  received  at 
Mt.  Ellis  University,  New  Brunswick,  his  medical  training  at  the 
College  of  Physicians  and  Surgeons,  Baltimore,  Md.,  at  which  insti- 
tution he  graduated  in  1889.  He  was  next  a  student  for  some  time 
at  the  Manhattan  Eye  and  Ear  Hospital,  New  York  City.  For  ten 
years  he  was  superintendent  and  resident  physician  of  St.  John's 
Hospital,  New  Brunswick;  surgeon  to  the  Pacific  Mail  Line,  and 
ophthalmologist  to  St.  Bai'tholomew's  Clinic. —  (T.  H.  S.) 

Dunkelapparat  des  Auges.  ((i.)  A  name  given  by  von  Kries  to  the 
I'etiiial  rods. 

Dunkelkur.      (G.)     Dark  cure.     Confinement  in  a  darkened  room. 

Dunkelsehen.     (G.)     Dimness  of  vision. 

Dunkelsehscharfe.     (G.)     Visual   acuity  witli   dim    illiiiniiiatioii. 

Dunkelzimmer.      ^G.i      Dark-room. 

Dunnes  Augenfell.      ((i.i      A  lliin  or  iinxhTately  deveU)|)ed  plerygium. 

Dunstbad.     (G.j     Vapor  bath. 

Duplicate  lenses.  'I'his  device  is  a  convenient  means  of  carrying  (bi- 
plicate  lenses  and  the  necessary  parts  and  tools  for  fitting  them  into 
the  spectacles  or  eyeglasses  for  the  use  of  travelers,  etc.  As  illustrated, 
the  box  contains  two  lenses  (marked  so  that  anyone  may  know  how 
to  insert  them  in  their  frame),  a  screw  driver  and  a  little  bottle  con- 
taining screws.     See  figure  on  next  page. 
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Duplieate  Lenses  for  Travellers  and  Others. 


Duplicateurs.  (F.)  Devices  for  producing  double  images,  mainly 
for  the  purposes  of  ophthalmometry.     See  Doubling. 

Duplication  of  the  disc.  This  condition  is  extremely  rare  in  man. 
The  case  of  a  man,  aged  42,  presenting  the  appearance  in  the  right 
fundus  of  two  optic  discs  partly  overlapping  each  other  is  reported  by 
Sherer  {Amerioan  Medicine,  November,  1908).  Careful  study  of  the 
minutite  led  him  to  believe  it  to  be  a  case  of  aberrant  growth  of 
medullary  nerve  sheaths.  This  condition,  while  rare  in  man,  in  some 
lower  animals  is  very  frequent  and  in  others,  notably  the  rabbit,  is 
constantly  and  normally  present.  It  may  be  confused  with  areas  of 
chorio-retinitis,  of  fatty  deposits,  or  of  albuminuric  retinitis,  but  may 
generally  be  differentiated  by  its  frayed  or  fringed  edge.  This  char- 
acter was  absent  in  this  case,  also  it  was  exceptional  in  that  the  disc 
did  not  have  a  reddish  appearance,  in  contrast  with  the  area  of  medul- 
lated  nerve  fibers.  These  areas  of  medullated  nerve  fibers  usually 
border  on  the  disc,  but  sometimes  occur  at  other  places  in  the  fundus. 
Some  authorities  believe  they  do  not  affect  vision,  but  the  writer  here 
quoted,  with  others,  thinks  they  do. 

Duplicity,  Theory  of.  Theory  of  separate  perception  which  ascribes 
distinct  and  different  functions  to  the  retinal  rods  and  cones. 

Dupuytren,  Guillaume.  One  of  the  most  celebrated  surgeons  of  all 
time.    Born  Oct.  5,  1777  (1778?)  at  Pierre  Ruffiere,  a  small  town  of 


DUPUYTREN,  GUILLAUME 


4093 


Haute-Vienne,  near  Limoges,  France,  he  removed  at  the  age  of  twelve 
to  Paris.  Shortly  afterward,  he  began  the  study  of  anatomy  and 
surgery,  and.  at  the  age  of  sixteen  (seventeen?)  had  been  appointed 
prosector,  and  became  a  successful  teacher.  In  1801,  still  hardly  more 
than  of  age,  he  began  to  lecture  on  pathological  anatomy,  and  two 
years  later  wrote  "Propositions  sur  quelques  Pointes  d 'Anatomic, 
de  Physiologie,  et  d 'Anatomic  Patologique"  (1803).  From  this  time 
forward,  his  life  consisted  of  an  even  more  rapid  succession  of  scien- 


Guillaume  Dupuytieii. 


tilie  achiuN'enients.  Among  his  appuiiitnicnts  were  l)ody-surgeon  to 
Louis  XVIII  and  Charles  X,  and  General  Inspector  of  the  University. 
lie  was  made  a  baron.  In  the  fall  of  1833  he  suffered  a  slight  attack 
of  apoplexy,  and,  in  the  following  spring,  made  a  journey  to  Italy  in 
search  of  health — which,  however,  he  failed  to  find.  Feb.  8,  1835,  he 
died. 

The  powers  of  Dujiuytren  are  still  a  great  tradition.  As  an  ob- 
server he  possessed  almost  miraculous  ability.  Keen-sigbtrd.  strong 
of  iiifcrciicf.  lie  gol  at  the  heart  of  an  obscure  ti'oublc,  as  it  st'cmed 
to  those  wiio  stood  iihoiit  him,  almost  iiistaiitaiieonsly.  His  oj^erative 
dexterity  seemed  almost  ei|ii;illy  mai'velous.     Still  iiuti-e  woiuI^tI'iiI,  lliis 
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versatile  Frenchman  enjoyed  an  even  more  exalted  reputation  as  a 
lecturer.  Never  at  a  loss  for  a  word,  speaking  in  brief  pictorial  sen- 
tences, which,  almost  without  exception,  were  strikingly  germane  to 
the  subject,  he  attracted  instantly  and  held  throughout  the  time  as- 
signed to  him  the  excited  attention  of  even  the  dullest  student.  He 
is  said  to  have  preferred,  among  his  patients,  the  poor  and  humble  to 
the  well-bred  and  the  rich,  and  often  to  have  operated  on  dozens  of 
the  extremely  indigent  while  multi-millionaires  w^ere  cooling  their 
heels  in  his  well-nigh  forgotten  waiting-room.  In  his  work  al)out  the 
hospital  he  wore  a  white  gown.  In  the  street  and  at  home,  he  was 
very  simply  dressed.  He  was  always  rough  in  manner,  sometimes 
actually  shouting,  but  kind  of  heart  and  truly  in  love  with  his  work. 

As  to  his  oculistic  ability,  opinions  differ  much.  The  most  adverse 
opinion  is  that  of  Guepin,  of  Nantes,  who  said  of  him-.'  "I  have  fol- 
lowed closely  the  great  Dictator  of  the  H(5tel-Dieu,  M.  Dupuytren,  and 
I  am  very  far  indeed  from  accepting  the  usual  estimate  of  the  man. 
From  1824-1829  I  never  saw  him  form  one  single  artificial  pupil.  I 
have  seen  him  fail  in  two-thirds  of  his  cataract  operations.  I  heard,  as 
the  patients  answered  him,  that  they  saw,  under  the  influence  of  the 
terror  which  he  instilled  into  them;  while,  in  reality,  they  were  not 
able  to  count  my  fingers.  The  whole  world  knows  his  method  of 
operating  for  lachrymal  fistula,  brilliant  for  the  moment,  but  repre- 
hensible for  its  ultimate  result." 

Dupuytren 's  procedure  for  the  "cure"  of  fistula  lacJirymalis,  was, 
perhaps,  his  greatest  contribution  to  ophthalmology — great,  that  is, 
in  a  negative  sense.  It  was,  of  course,  inevitable  that  this  barbarous 
proceeding  should  sooner  or  later  be  tried,  and  sufficiently  advertised 
(as  a  failure)  to  l)e  more  or  less  permanently  condemned.  It  con- 
sisted of  an  incision  in  the  anterior  wall  of  the  lachrymal  sac,  and 
then  of  the  introduction,  via  the  incision  and  the  nose,  of  a  golden 
canula.  The  method  was  by  no  means  new  with  Dupuytren,  though 
it  was  generally  supposed  to  be  so.  It  had  been  anticipated,  both  by 
AVathen  and  Foubert.  These  surgeons,  however,  had  not  been  able  to 
secure  for  their  discovery  a  very  extensive  attention;  hence,  as  the 
"Dupuytren  procedure"  was  often  a  cause  of  caries,  palatal  perfora- 
tion, and  even  death,  it  was  well  that  the  famous  operator  re-dis- 
covered it,  so  that,  by  bringing  it  to  wide-spread  notice,  it  could  be 
condemned  forever.  Not  quite,  perhaps,  forever.  The  procedure  is 
still  "discovered"  from  time  to  time  and  announced  with  great  eclat 
in  oi)hthalmologic  journals. 

Dupuytren  wrote  little.  The  greater  portion  of  his  accomplish- 
ments have  come  down  to  our  time  in  the  books  and  articles  of  his 
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numerous  aud  appreciative  students.  Nevertheless,  or  perhaps  as  a 
necessary  result  of  this  very  circumstance,  the  gifted  Frenchman 
stands  out  sharply  and  vividly  in  the  imagination  of  the  twentieth 
centur}^  profession  as  a  teacher,  a  surgeon,  a  quasi-oculist,  aud,  de- 
spite his  rough  exterior,  as  a  kind,  warm-hearted  man. — (T.  H.  S.) 

Duralscheide.     (G.)     Dural  sheath. 

Dura  mater.  This  outer  membrane  of  the  brain  and  spinal  cord  is 
divided  into  the  cerebral,  and  spinal  or  rhaciclian  dura.  The  cerebral 
portion  is  mostly  identical  with  the  endocranium.  It  furnishes, 
among  other  ocular  relations,  a  covering  to  the  orbit  and  a  sheath  to 
the  optic  nerve.    See  Orbit. 

Dura  membrana.  One  of  the  numerous,  obsolete,  synonyms  of  the 
sclera. 

Dura  oculi.     Fibrous  or  external  coat  of  the  eye. 

Durchblutung.     (G.)     Hemorrhage  (into  a  tissue  or  organ). 

Durchfall.     (G.)     Diarrhea. 

Durchkreuzung-  der  Sehnerve.    (G.)     Decussation  of  the  optic  nerve. 

Durchleuchtung.     (G.)     Transillumination.     Diaphanoseopy. 

Durchleuchtungslampe.     (G.)     Transilluminator. 

Durchmesser.     (G.)     Diameter. 

Durchscheinend,     (G.)     Diaphanous.     Translucent. 

Durchschnitt.     (G.)     An  average. 

Durchschnittspunkt.     (G.)     Point  of  intersection. 

Durchschwitzung,     (G.)     Diapedesis. 

Durchsichtig.     (G.)     Transparent. 

Durchsichtigkeitsmesser.     (G.)     Diaphanometer. 

Durchstochen.     (G.)     Perforated. 

Durcissant.     (F.)     Hardening. 

Durcissement.     (F.)     Induration.     Hardening.     Sclerosis. 

Dure  mere.     (F.)     Dura  mater. 

Dusche.     (G.)     Douche. 

Dust.  When  one  considers  for  a  moment  the  constituents  of  oi-dinary 
dust — esjx'cially  that  rising  in  the  wind  from  the  streets  of  towns — 
the  possil)iliti('s  of  infection  of  the  eyes  therefrom  can  easily  be 
imagined.  Doubtless  foreign  body  injuries  and  epidemic  conjunc- 
tivitis (from  the  microbic  content)  represent  the  most  obvious  ex- 
amples of  tliis  source  of  disease;  while  the  conjunctival  hyperemia  set 
up  in  irritable  eyes  by  purely  mechanical  particles  is  another.  True 
and  Fleig  (Rec.  d'Oplitalni.,  33,  p.  14,  1911)  have  drawn  our  atten- 
tion to  tile  damage  inilieti^d  on  the  external  eye  by  the  dust  of  tarred 
roads,  especially  when,  in  motoring,  the  eyes  are  not  fnll\  iJioleded 
by  goggles. 
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Dusting-  powders.     Sec  Powders  for  insufflation. 

Dusty  miller.     Sec  Cineraria  maritima, 

Dutch  liquid.  A  vulgar  name  for  ethylene  diohloride.  The  oculotoxic 
.syinplouis  set  up  by  this  powerful  agent  will  be  discussed  under  its 
own  heading  as  well  as  under  Toxic  amblyopia. 

Dutrieux,  Pierre-Joseph.  A  French  ophthalmologist,  who  performed 
the  most  of  his  professional  duties  in  Africa.  Born  at  Tournai,  Bel- 
gium, in  1848,  he  received  his  medical  degree  at  Ghent  and  proceeded 
at  once  to  Egypt.  He  settled  in  Cairo,  and  was  soon  appointed  Pro- 
fessor to  the  local  School  of  Medicine  and  body-physician  to  the  Vice- 
roy of  Egypt.  Returning  to  Belgium,  he  was  soon  appointed  by  the 
King  to  the  leadership  of  an  expedition  to  the  Congo.  Ruined  in 
health,  he  returned  from  Africa  and  practised  as  an  ophthalmologist 
in  Paris,  dying,  however,  Feb.  5,  1899,  at  the  early  age  of  41. 

His  chief  ophthalmic  compositions  are  :  ' '  Considerations  Generales 
sur  I'ophtalmie  Communement  Appellee  Ophtalmie  d'Egypte,  Suivie 
d'Une  Note  sur  les  Operations  Pratiquees  a  I'Ecole  Khediviale  des 
Aveugles  en  Caire,  avec  une  preface  en  Forme  de  Lettre  a  Riaz- 
Pascha"  (Cairo,  1878)  ;  "Contribution  a  I'etude  des  Maladies  et  de 
rAcclimatement  des  Europeens  dans  I'Afrique  Intertropicale" 
(Ghent,  1880).— (T.  H.  S.) 

Duval,  Mathias.  A  well-known  Parisian  anatomist,  whose  life-dates 
are  not  procurable.  He  received  his  medical  degree  at  Paris  in  1869, 
and  became  an  associate  professor  of  the  faculty.  He  paid  some  at- 
tention to  ophthalmology,  and  wrote  a  thesis  entitled  "Structure  et 
Usages  de  la  Retine"  (1872).— (T.  H.  S.) 

Duvete.     (F.)     Downy. 

Dway-berries.     The  fruit  of  Atropa  hdladonna. 

Dyeing".  Although  this  process  has  a  number  of  relations — mostly 
indirect — to  the  science  and  practice  of  ophthalmology  it  is  probably 
inappropriate  to  say  much  about  it  here.  The  reader  is  referred  to 
the  headings  Toxic  amblyopia,  as  well  as  the  matter  under  Dyes, 
Hair,  and  some  of  the  minor  sections  of  Color  for  consideration  of 
various  dyes  and  their  effects  upon  the  eye.  See,  also.  Aniline  colors; 
and  Dyes. 

Dyer,  Ezra.  A  well-known  ophthalmologist  and  one  of  the  founders 
of  the  American  Ophthalmological  Society.  Born  at  B'oston,  Oct.  17, 
18.36,  he  received  the  degree  of  Bachelor  of  Arts  from  Harvard  Uni- 
versity in  1857.  In  1859  he  received  his  medical  degree  from  the 
same  institution.  Proceeding  at  once  to  Europe,  he  studied  at  Dublin, 
Bonn,  Vienna,  and  Berlin.  While  in  Vienna  he  came  within  the  in- 
fluence of  Arlt,  and  so  was  induced  to  turn  his  attention  to  ophthal- 
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mology.  In  Berlin  he  studied  with  von  Graefe,  to  whom  he  bore  a 
letter  of  introduction  from  Arlt. 

Returning  to  America  in  November,  1861,  he  settled  in  Philadelphia, 
and  soon  had  an  excellent  practice.  In  the  following  year,  at  the  invita- 
tion of  Surgeon-General  Hammond,  he  took  in  charge  "all  the  eye 
and  ear  cases  then  in  the  Philadelphia  Army  Hospitals."  While  en- 
gaged in  this  work,  he  personally  treated  hundreds  of  cases  daily, 
under  the  most  adverse  circumstances.  Concerning  these  matters,  the 
following  passage  occurs  in  one  of  his  letters  to  his  wife  :  ' '  To-day  I 
had  over  ninety  to  dress  myself.  On  my  way  home  from  the  hospital 
I  saw",  just  above  the  bridge,  a  whole  train  of  wounded  rebels,  and 
they  wanted  attention.  I  hitched  Prince  and  'went  in.'  The  day 
was  hot,  and,  though  I  took  off  coat  and  waistcoat,  I  was  drenched. 
Deliver  me  from  such  a  scene  again.  They  were  brought  in  freight 
cars,  lying  on  the  floors,  which  were  swimming  and  slippery  from 
filth.  We  got  water  and  sponges,  and  some  good  women  brought  old 
linen  and  made  lint  and  bandages,  while  I  climbed  into  the  cars  and 
worked.  Many  of  the  shelled  wounds  had  mortified  and  were  full  of 
maggots.  The  poor  fellows  did  not  complain,  but  were  in  a  horrid  state. 
Officers  and  men  were  all  together,  and  as  soon  as  one  was  fixed  up  a 
dozen  said :  '  Doctor,  can 't  you  look  at  me  now  '1  I  don 't  know  how 
long  I  have  been  here.'  " 

Dyer  was  always  active  in  medical  society  work.  In  1865  he  read 
before  the  American  Ophthalmological  Society  a  paper  entitled, 
"Asthenopia  not  Connected  with  Hypermetropia,"  in  which  he  pro- 
posed "for  cases  of  asthenopia  not  depending  on  any  error  of  refrac- 
tion or  muscular  insufficiency,  a  system  of  ocular  gymnastics."  This 
excellent  means  of  treatment  has  ever  since  been  known  as 
' '  Dyerizing. ' ' 

In  1866  he  published  a  notable  paper  on  "Fracture  of  the  Lens 
from  Death  by  Hanging. ' ' 

For  a  time  he  was  ophthalmologist  to  the  Wills  Eye  Hospital,  and 
also  held  a  number  of  other  appointments,  but,  in  1873,  owing  to  the 
chronic  illness  of  a  member  of  his  family,  he  removed  to  Pittsburgh, 
where,  it  was  thought,  the  change  of  scene  and  climate  might  prove 
of  service  to  the  sick  one. 

In  Pittsburgh,  too,  he  was  soon  very  busy,  and  was  promptly  con- 
nected with  the  Dispensary  and  a  number  of  hospitals. 

It  was  in  Pittsburgh  that  he  wrote  the  paper  entitled  "The  Treat- 
ment of  Asthenopia  by  Systematic  Exercises."  This  article  he  read 
in  1876  before  the  International  Ophthalmologic  Congress,  which 
met  in  New  York. 
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One  day  iu  the  autumn  of  1879,  leaping  suddenly  to  the  slippery 
deck  of  a  ferry  boat  that  was  just  on  the  point  of  departing  from  the 
dock,  he  fell  and  ruptured  the  ligaments  of  the  left  knee.  After  this 
accident  he  was  always  lame,  and,  now  and  then,  the  knee  would  give 
way  under  him.  This  distressing  accident  led  to  another  still  more 
serious.  In  the  spring  of  1880,  while  stepping  from  a  horse  car,  the 
injured  knee  gave  way,  and  he  fell,  breaking  the  right  thigh  and  dis- 
locating the  right  hip.  After  remaining  in  bed  for  six  months,  he 
was  once  more  able  to  go  about,  but  never  again  did  he  fully  recu- 
perate. Two  years  later,  a  spinal  affection  supervening,  he  sought  for 
a  milder  climate  in  Newport,  R.  I.  Here,  in  spite  of  his  serious  con- 
dition, he  invented  the  perimeter,  still  known  by  his  name.  During 
the  earlier  portion  of  his  stay  at  Newport,  he  seemed  to  be  slightly 
improved ;  but,  beginning  again  to  decline,  he  was  taken  by  his  family 
to  Florida.  Here,  too,  however,  he  failed  to  receive  the  expected 
benefit;  so,  on  Feb.  5,  1887,  he  was  taken  on  board  a  ship  bound  for 
New  York,  and,  four  days  later,  while  still  on  board  the  vessel,  he 
died.— (T.  H.  S.) 

Dyerization.     See  Dyerizing-. 

Dyerizing.  Dyerization.  A  method  of  treating  asthenopia,  when  the 
symptoms  are  due  neither  to  refractional  error  nor  to  heterophoria, 
by  means  of  certain  ocular  exercises.  It  is  often  desirable,  in  persons 
suffering  from  asthenopia  due  to  incompetent  ciliary  muscles,  to  exer- 
cise them  much  as  we  do  a  weak  musculature  elsewhere — the  adductive 
ocular  muscles,  for  example.  By  such  a  plan  one  may  regulate,  at 
the  same  time,  the  amount  of  near  work,  the  occasion  and  the  circum- 
stances under  which  it  is  done  by  the  defective  focusing  apparatus. 

As  Dyer  originally  pointed  out,  it  is  well  to  begin  by  allowing  the 
patient  to  read,  or  sew,  three  or  four  times  a  day  a  certain  number  of 
minutes  just  short  of  the  time  that  commonly  sets  up  asthenopic  symp- 
toms. Suppose  he  can  read  five  minutes,  but  ten  minutes'  close  appli- 
cation cause  blurring  or  smarting,  or  eye  ache?  Let  him,  then,  read 
five  minutes  (by  the  watch)  four  or  five  times  a  day;  the  second  day 
for  six  minutes  four  or  five  times ;  the  next  day  seven  minutes ;  the 
next,  eight  minutes,  and  so  on.  The  patient  should,  Mdiile  taking  these 
exercises,  always  stop  on  the  approach  of  symptoms,  it  matters  not  how 
short  a  time  he  has  been  reading  or  writing,  and  postpone  until  the 
following  period  his  efforts  to  do  near  work.  After  each  exercise  is  a 
good  time  to  apply  soothing  collyria,  cold  water,  evaporating  lotions, 
etc.,  to  the  eyes  and  ocular  region.  These  exercises  and  the  other  treat- 
ment for  the  asthenopia  sho'uld  be  continued  until  the  patient  is  able 
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to  do  a  fair  amount  of  near  work  without  discomfort.  See  Dyer, 
Ezra. 
Dyes.  While  the  various  artificial  colors,  such  as  those  made  from 
coal-tar  and  those  synthesized  from  other  substances,  are  gradually 
revolutionizing  the  use  of  pigments  in  all  fields  where  colors  are  used, 
a  similar  revolution  has  already  been  effected  in  the  field  of  dyeing 
fabrics.  Natural  coloring-matters,  such  as  cudbear  and  logwood,  which 
were  formerly  among  the  mainstays  of  the  dyers,  are  now  seldom 
used.  For  the  artificial  colors  not  only  give  a  wider  range  of  colors 
and  shades,  but  are  cheaper,  and  very  much  easier  to  use.  It  was  as 
dyes,  rather  than  as  pigments  for  painting,  that  they  were  first  intro- 
duced; and  while  their  application  as  dyes  differs  from  their  use  as 
paints  and  stains,  their  composition  is  identical. 

Without  regard  to  the  natural  scientific  grouping  of  artificial  colors, 
the  dyer  divides  them  into  six  or  more  groups  based  upon  their  prac- 
tical application.  A  recent  grouping  by  Farrell  is  as  follows:  1. 
Direct  or  substantive  cotton  dyestuffs.  2.  Acid  dyestuffs.  3.  Basic  or 
tannic-acid  dyestuffs.  4.  Mordant  dyestuffs.  5.  Vat  dyestuffs.  6. 
Developed  dyes. 

The  first  of  these,  direct  or  substantive  cotton  dyestuffs,  are  prob- 
ably the  most  important  to  the  dyer,  as  most  of  the  colors  are  azo  com- 
pounds, and  dye  vegetable  fibers  direct  from  an  aqueous  bath,  with 
the  addition  of  some  such  salt  as  sodium  chloride.  Some  of  them  are 
also  adapted  to  dyeing  such  animal  fibers  as  wool  and  silk,  and  the 
shades  are  usually  very  fast. 

The  second  of  these,  the  acid  dyestuffs,  are  the  sodium  salts  of 
sulphonic  acids  and  the  nitro-colors.  These  are  particularly  useful  in 
dyeing  animal  fibers. 

The  third,  or  basic  dyestuffs,  are  substantive  to  wool  and  silk  fibers, 
but  may  also  be  used  to  dye  vegetable  fibers.  They  are  not  very  fast 
colors,  however,  and  are  not  used  generally. 

The  fourth,  mordant  dyes,  are  little  used  on  account  of  the  difficulty 
of  applying  them.  The  one  color  for  which  they  are  used  extensively 
is  Turkey-red  on  cotton  textures,  the  color  being  produced  from 
alizai-ine  and  an  alumina  lime  and  fatty-acid  mordant. 

Vat  dyes,  or  the  fifth  group,  are  difficult  to  apply  but  they  inchide 
the  impoi-tant  dyestuff,  indigo. 

The  sixth  group,  or  developed  dyes,  are  produced  in  the  fibers  from 
the  substances  that  are  not  dyestuffs.  In  this  group  come  tbe  im- 
portant aniline  black,  and  the  colors  produced  by  the  coml)inatioii  of 
Maf)hth()]s  with  tlie  diazotized  amido  compounds. 

The   iinmlxT   of  tliese  artificial   dyes  runs   into  the  luindreds   and 
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there  are  endless  methods  of  applying  them.  As  the  composition  of 
many  of  the  colors  and  the  methods  of  applying  them  are  trade  secrets, 
it  is  impossible  to  consider  them  individually,  or  to  treat  the  subject 
in  anything  but  the  most  general  way.     {The  Mechanical  Arts.) 

Dyes,  Hair.  Fernandez  {Archiv.  of  Ophth.,  January,  1913)  discusses 
various  hair  dyes,  refers  to  several  forms  of  eye  involvement  that 
have  been  caused  by  the  use  of  such  dyes,  and  draws  the  following 
conclusions:  1.  All  hair  dyes  in  use  at  the  present  time,  are  more  or 
less  toxic  in  effect,  and  may  give  rise,  under  certain  circumstances, 
to  general  and  local  eye  troubles.  2.  The  injurious  effects  experienced 
are  of  two  classes,  inflammatory  and  toxic,  although  both  may  be  pres- 
ent at  the  same  time.  The  trouble  may  be  only  ocular  in  character, 
or  it  may  affect  the  general  system  as  well  as  the  eyes.  3.  The  dyes 
which  do  the  most  harm,  are  those  containing  aniline  derivatives.  As 
they  are  very  easily  prepared,  they  are  the  dyes  most  generally  used. 
4.  Fortunately,  as  the  aniline  derivatives  are  powerful  colorants,  only 
a  small  quantity  of  the  dye  is  necessary  to  produce  the  desired  results, 
and  there  is,  therefore,  less  danger  to  the  eyes  and  the  general  health. 
See,  also,  Cosmetics. 

Dyes'  method.  This  is  a  form  of  venesection  thought  by  Gilbert 
(Graefe's  Archiv  fur  Ophthalm.,  80,  2,  238)  to  be  especially  valuable 
in  the  treatment  of  glaucoma.  It  consists  in  the  abstraction  of  3  grm. 
of  blood  per  kilo  body-weight,  followed  by  diaphoresis.  Reference  is 
also  given  to  a  paper  by  Eversbusch  {Oph.  Review,  p.  345,  Dec,  1912) 
on  the  subject.  The  cornea  was  anesthetized  by  alypin  and  the  ten- 
sion carefully  estimated  by  Schiotz'  tonometer  in  the  evening  and 
again  on  the  following  morning  immediately  before  the  venesection, 
and  a  third  time  the  same  afternoon.  Subsequently  two  measure- 
ments were  made  daily  for  several  days.  The  results  are  tabulated 
and  show  that  in  all  cases  a  definite  reduction  of  tension  was  obtained. 
Of  13  eyes  with  glaucoma  simplex  11  showed  the  greatest  reduction 
after  6  to  8  hours,  and  this  remained  in  4  cases  for  24  hours.  The 
effect  gradually  passed  off  in  from  two  to  four  days.  In  inflammatory 
cases  the  reduction  of  tension  appeared  later  and  was  still  present 
after  four  days.  The  variations  in  intraocular  tension  were  found 
closely  to  accompany  similar  changes  in  blood  pressure.  The  author 
attributes  the  results  not  alone  to  the  removal  of  blood,  which  was 
rarely  more  than  250  grm.  in  amount,  but  also  to  the  active  tissue 
change  induced  by  the  smart  diaphoresis  which  followed.  The  fol- 
lowing suggestions  are  made  for  the  treatment  of  glaucoma:  1.  In 
the  prodromal  stage.  Periodic  venesection  controlled  by  observations 
on  ocular  tension  and  blood  pressure,  together  with  miotics  and  gen- 
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eral  treatment.  2.  Before  operation.  Venesection  6  to  24  hours  be- 
forehand in  glaucoma  simplex  and  24  to  48  lioui-s  beforehand  in 
glaucoma  inflanimatorium. 

Dymal.  The  trade  name  for  a  preparation  which  is  essentially  a 
salicylate  of  didymium.  Dymal  is  a  fine,  starch-like,  pinkish-white 
powder,  free  from  any  tendency  to  cake ;  insoluble,  non-poisonous  and 
odorless.  The  preparation  is  a  siccative,  cicatrisant,  deodorizer  and 
antiseptic,  free  from  all  disagreeable  by-eifects.  It  has  the  advantage 
over  most  antiseptic  dusting  powders  of  being  absolutely  odorless ;  nor 
does  it  stain.  It  leaves  the  wound  surface  free  for  observation,  since 
the  powder,  if  not  too  abundantly  applied,  usually  disappears  by  the 
next  day,  while  the  dressing  is  readily  removed  without  preparatory 
wetting. 

Kopp,  of  Munich,  first  called  attention  to  the  advantages  of  this 
remedy,  and  it  has  since  been  employed  extensively  in  the  treatment 
of  ulcers,  burns,  wounds  and  various  cutaneous  affections;  for  in- 
stance, eczema,  acute  or  subacute ;  impetigo,  artificial  dermatitis, 
herpes,  etc. 

Dymal  is  u.sed  as  a  dusting  powder  in  wounds  and  as  a  10  to  20 
per  cent,  ointment  in  various  dermatoses. 

Dynactinometer.  Actinometer.  An  instrument  for  measuring  the 
intensity  of  the  photogenic  rays  and  computing  the  power  of  object 
glasses. 

Dynameter.  A  graduated  glass  plate  used  to  determine  the  magni- 
fying power  of  a  telescope. 

Dynamic  convergence.  According  to  Worth  (Squint,  p.  3)  when  the 
two  eyes  look  at  a  distant  object,  the  visual  axes  may,  for  practical 
purposes,  be  considered  to  be  parallel.  When,  however,  a  near  object 
is  looked  at,  the  two  eyes  must  rotate  inwards,  in  order  that  both 
visual  axes  may  be  directed  to  the  same  object.  This  active  inward 
rotation  of  the  eyes  is  called  dynamic  convergence. 

Dynamic  refraction.  A  term  intended  to  distinguish  active  from  static 
refraction.  The  latter  is  what  is  ordinarily  called  refraction,  i.  e.,  the 
refractive  condition  with  inactive  accommodation.  When  accommo- 
dation is  exerted,  the  refracting  power  of  the  eye  increases.  By  the 
use  of  the  accommodative  power,  for  example,  a  young  person  with 
hypermetropia  may  make  himself  dynamically  (or  apparently)  emme- 
tropic or  even  myopic. 

Dynamisches  Schielen.     ((J.)     Dynamic  squint. 

Dynamite,  Ocular  injuries  from.  Dynamite  injuries  are  among  the 
most  dangerous  and  serious  lesions  of  the  eye.  This  explosive  appears 
to  lacerate  and  destroy  the  tissues  much  more  extensively  and  effect- 
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ually  than  the  old-fashioned  forms  of  blasting  powder.  The  injuries 
are  found  principally  among  miners  and  workers  in  stone  quarries — 
generally  speaking,  in  those  engaged  in  any  form  of  heavy  blasting. 
The  dynamite  in  the  cartridges  is  usually  made  of  nitroglycerine 
mixed  with  a  silicious  marl.  Often  in  the  hole  bored  for  the  purpose 
several  cartridges  are  placed  one  upon  another.  The  upper  cartridge 
carries  powder  and  a  fuse ;  and  above  all  is  placed  a  tamponade  of 
sawdust,  sand,  clay  or  water.  Sometimes  only  one  cartridge  explodes, 
so  that  a  part  of  the  charge  remains  intact,  and  upon  attempting  to 
supply  a  new  fuse,  an  unexpected  explosion  occurs,  perhaps  injuring 
several  workmen.  When  such  an  accident  occurs,  to  the  mechanical 
violence  of  the  foreign  bodies — including  small  pieces  of  rock — are 
added  the  pressure  of  hot  air  and  the  burning  of  the  powder  used  in 
igniting  the  dynamite.  When  such  an  explosion  affects  the  face  we 
have  deep  burns  of  all  the  parts,  complicated  with  impregnation  of 
the  skin  with  powder,  grains  of  sand,  pieces  of  rock,  as  well  as  parts 
of  the  metal  cartridge  or  its  cap.  Later  on,  examination  of  the  eyes 
often  exhibit  incurvation  of  the  eyelashes  and  a  variety  of  foreign 
bodies  lodged  in  the  conjunctiva  and  cornea.  These  may  lie  super- 
ficially or  they  may  penetrate  deeply  into  the  tissues,  even  perforat- 
ing the  iris  or  lens.  Foreign  bodies  may  pass  entirely  through  the 
lens,  causing  a  traumatic  cataract,  and  lodge  in  the  vitreous  humor. 
In  some  cases  they  pass  through  the  posterior  wall  of  the  eyeball  into 
the  orbit.    The  form  of  the  eyeball  is,  however,  generally  preserved. 

In  cases  of  dynamite  explosions  we  often  find  bleeding  into  the 
anterior  chamber,  prolapse  of  the  iris,  iridodialysis,  dislocation  of  the 
lens,  hemorrhages  into  the  vitreous,  rupture  of  the  choroid  and  retinal 
hemorrhage.  During  the  first  few  days  after  an  accident  the  skin  of 
the  face  and  eyelid  is  often  so  swollen  that  an  exact  examination  of 
the  eye  is  impossible.  The  conjunctiva  and  cornea  may  appear  (be- 
cause of  the  implantation  of  numerous  small,  white  and  brown  foreign 
bodies  or  grains  of  powder)  as  if  they  were  tattooed.  When  they  are 
elevated  above  the  surface  the  rubbing  of  the  lid  edges  over  these 
obstructions  causes  violent  ciliary  pain.  Patients  also  complain  of 
severe  burning  and  pricking  in  the  eyes,  and  there  is  usually  marked 
blepharospasm,  photophobia  and  lachrymation.  If  many  foreign 
bodies  have  lodged  in  the  cornea,  it  becomes  cloudy  and  the  epithelium 
is  easily  removed. 

We  may  distinguish  between  slight  and  severe  injuries  from  dyna- 
mite explosions.  To  the  former  class  belong  superficial  burns  and  in- 
juries of  the  lids,  the  conjunctiva,  and  the  cornea ;  among  the  severer 
cases  are  to  be  counted   (in  addition  to  the  lesions  just  mentioned) 
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perforations  of  the  cornea,  sclera,  or  iris;  prolapse  of  vitreous;  trau- 
matic cataract,  and  foreign  bodies  in  the  interior  of  the  eye. 

As  a  rule  both  eyes  are  injured.  Of  the  31  cases  reported  by  Beck- 
raami,  27  were  so  injured ;  15  had  a  perforation  in  one  and  4  in  both 
eyes;  12  lost  the  sight  of  one  and  2  of  both  eyes;  9  eyes  were 
enucleated.  In  three  cases  the  process  ended  with  one-sided,  in  two 
with  bilateral,  phthisis  bulbi,  following  acute  panophthalmitis  or 
chronic  iridochoroiditis. 

The  prognosis  in  cases  of  perforation  of  the  globe  by  the  missies 
just  referred  to  is  obvious;  it  depends  especially  upon  whether  fairly 
large  foreign  bodies,  such  as  pieces  of  rock,  have  penetrated  the  inner 
parts  of  the  eye  and  whether  an  infection  of  the  intraglobar  tissues 
has  taken  place.  Hemorrhages  into  the  vitreous  humor  may  clear  up 
to  some  extent,  but,  nevertheless,  may  eventually  end  in  detached 
retina.  In  young  people  a  traumatic  cataract  may  be  spontaneously 
absorbed,  or  in  older  people  may  be  surgically  removed,  with  good 
results.  As  a  rule,  more  or  less  thick  opacities  are  left  in  the  cornea 
at  the  place  w^here  the  foreign  body  penetrated.  Aseptic  pieces  of 
sand  or  quartz  that  have  passed  into  the  vitreous  humor  may  remain 
in  situ  without  irritation,  and  upon  being  examined  with  the  ophthal- 
moscope may  even  remind  one  of  the  picture  of  synchysis  scintillans. 
On  the  other  hand,  foreign  bodies  in  the  cornea  sometimes  cause  ulcers, 
which  always  leave  behind  opaque  tissue  and,  if  in  the  pupillary  re- 
gion, seriously  damage  sight. 

In  a  relatively  large  number  of  cases,  however,  in  spite  of  severe 
lesions  of  the  eye  there  nevertheless  remains  wonderfully  good  visual 
power,  and  in  spite  of  the  fact  that  patients  bear  life-long  marks  on 
the  face  and  conjunctiva  from  dark-colored  scars. 

The  severity  of  the  injury  and  the  loss  of  earning-power  is  often  in- 
creased by  other  lesions  of  the  body — by  fractures  of  an  extremity  or 
the  loss  of  a  finger  (which  is  sometimes  entirely  torn  off)  or  by  ex- 
tensive ])ni'iis  and  wounds  of  tlie  soft  parts  of  the  arms  and  hands. 
As  a  mil',  months  pass  before  the  more  serious  consequences  of  a 
severe  dynamite  explosion  arc  rclii'vcd  to  sucli  an  extent  tliat  a  surgeon 
is  no  longer  needed. 

In  treatment  it  is  necessary  above  all  to  prevent  infection.  The 
swelling  of  the  face  and  lids,  which  may  make  the  patient  un- 
recognizable, is  best  treated,  and  the  extrusion  of  grains  of  powder 
and  sand  tliat  have  penetrated  beneath  the  surface  is  accomplished 
iriost  quickly,  by  applying  a  dressing  of  iodoform  or  nosophcn-vaseline. 
Either  of  these  is  thickly  smeared  on  a  face-mask  wliich  has  an  opening 
cut  for  the  nose  and  mouth.     The  bandage  is  renewed  once  a  day  and 
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the  eyes  are  washed  with  a  lukewarm  solution  of  boric  acid,  while 
atropiu-cocain  vaseline  is  daily  applied  to  the  conjunctival  sac.  We 
remove  only  the  superficial  foreign  bodies,  so  far  as  this  is  easily  done, 
although  as  a  rule  they  come  out  spontaneously  on  the  dressings. 
Prolapse  of  the  iris  should  be  snipped  off;  scleral  wounds  ought  to  be 
closed  by  suturing,  if  it  is  intended  to  preserve  the  eyeball.  If  the 
eye  is  so  badly  injured  that  relatively  painless  healing  with  the  reten- 
tion of  eyesight  is  out  of  the  question,  we  prefer  early  exenteration 
to  danger  of  panophthalmitis  or  iridoehoroiditis  with  possible  sympa- 
thetic ophthalmia.  In  the  event  of  persistent  irritation,  in  the  course 
of  healing,  lukewarm  poultices  should  be  applied.  These  often  relieve 
the  situation  and  even  modify  a  traumatic  iritis,  as  well  as  hasten  the 
absorption  of  a  traumatic  cataract. —  (Vossius,  in  the  Encyklopddie 
der  Augenheilk.,  p.  246.) 

John  B.  Corser  {Peim.  Med.  Journ.,  Jan.,  1913)  reminds  us  that 
dynamite  caps  are  made  of  copper  in  much  the  same  way  as  gun  car- 
tridges and  are  used  to  explode  larger  charges  of  dynamite,  giant 
powder  or  other  high  explosives.  When  exploded,  the  copper  shell 
breaks  into  many  small,  sharp  pieces  which  seem  to  have  a  peculiarly 
strong  penetrating  power.  The  caps  are  handled  carelessly  by  those 
using  them  and  fall  into  the  hands  of  boys  and  others  ignorant  of 
their  dangerous  characters.  They  occasionally  are  dropped  by  the 
miners  and  go  out  of  the  mines  in  the  coal  and  are  exploded  when 
thrown  with  the  coal  into  the  fire. 

The  immediate  effect  of  dynamite  cap  explosions  on  the  ocular  struc- 
tures varies  with  the  nearness  of  the  eye  to  the  exploding  cap.  A 
small  spot  on  the  sclera  or  cornea  may  be  the  only  indication  that  a 
piece  of  the  shell  has  struck  and  possibly  entered  the  globe.  On  the 
other  hand,  complete  rupture  and  disorganization  of  the  globe  may 
result.  If  a  piece  of  the  shell  has  entered  the  eyeball  and  cannot  be 
removed,  the  eye  will  sooner  or  later  be  lost,  owing  to  the  irritating 
chemical  action  of  the  copper  on  the  ocular  contents.  The  rapidity 
with  which  inflammation  ensues  depends  on  the  part  of  the  eye  in 
which  the  piece  of  copper  lodges.  The  ciliary  body  and  iris  seem  to 
be  the  parts  most  sensitive  to  the  presence  of  copper.  The  vitreous 
will  tolerate  its  presence  for  a  longer  period.  Treatment  will  only 
prolong  vision  by  aiding  the  resistance  of  the  tissues,  but  blindness 
finally  results.  The  difficulties  met  in  trying  to  remove  these  pieces  of 
copper  from  the  eye  can  rarely  be  overcome  and  it  must  have  occurred 
to  everyone  having  these  cases,  how  different  it  would  be  if  the  piece 
of  metal  causing  the  injury  were  iron  or  steel  instead  of  copper.  If 
dynamite  caps  were  made  of  iron  or  steel  instead  of  copper  these  cases 
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would  still  be  serious,  but  how  much  less  so  when  the  foreign  body  is 

of  a  metal  that  can  be  attracted  by  a  magnet. 
Dynamogenesis.     A  term  applied  by  Brown-Sequard  to  the  accidental 

development  of  nervous  power ;  for  example,  the  increased  power  of 

vision  in  one  eye  when  the  other  is  excited  by  a  luminous  impression. 
Dynamometer.     This  term  has  been  applied  to  a  number  of  different 

optical  and  ophthalmic  instruments.    It  is,  first,  an  instrument  (occa- 


The   (Hardy)   Van  81yke  Dyuanionieter. 


sionally  called  a  dynameter)  for  estimating  the  magnifying  power  of 
lenses. 

Secondly,  it  is  sometimes  applied  to  the  ophthalinodyiiamometer 
of  Landolt. 

Finally,  it  has  been  utilized  to  designate  Van  Slyke's  instrument 
for  measuring  the  dynamic  prismatic  power  or  strength  of  the  ex- 
trinsic muscles  of  the  eye  and  foi-  diagnosing  mnscnhir  jisllicnopia. 
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The  instrument  may  be  used  for  exercising  the  extrinsic  muscles  as 
well  as  for  diagnostic  purposes,  and  will  be  found  as  useful  for  the 
former  as  it  is  satisfactory  for  the  latter  purpose. 

With  this  instrument  the  operator  is  able  to  differentiate  between 
muscular  and  accommodative  asthenopia,  or  between  that  which  is  due 
to  a  weak  extrinsic  or  a  strained  ciliary  muscle.    See  the  figure. 

Dysaesthesia  visualis.     Impairment  or  loss  of  the  sense  of  sight. 

Dyschromatopsia.  Dyschromatopsy,  Dischromatopsis.  Color-blind- 
ness, or  perverted  color-sense.  See  p.  2420,  Vol.  IV,  of  this 
Encyclopedia. 

Dyscoria.     (L.)     Irregularity  in  the  shape  of  the  pupil. 

Dysdacrya.     Any  lachrymal  affection. 

Dysdacryosis.     A  disease  of  the  lachrymal  apparatus. 

Dysentery,  Ocular  symptoms  of.  According  to  Santos-Fernandez 
{System  of  Diseases  of  the  Eye,  Vol.  4,  p.  712)  these  may  be  divided 
into  two  groups,  first,  a  reflex  group  and,  secondly,  those  that  are  de- 
termined either  by  the  special  infection  which  produces  dysentery  or 
by  such  secondary  infections  as  originate  in  them.  Among  the  first 
we  may  include  paresis  of  accommodation,  atrophy  of  the  papilla, 
opacities  of  the  vitreous,  and  false  granulations.  In  the  second  may 
be  placed  conjunctivitis,  keratitis,  and  choroiditis,  produced  by  the 
passage  of  germs  proceeding  from  the  large  intestine  (at  times  sup- 
jjurating  or  sphacelated)  through  the  circulatory  channels  of  the 
organism. 

Cases  of  metastatic  ophthalmitis  have  been  reported  as  arising  from 
dysentery,  while  in  ^lagnus's  table  two  instances  of  this  disease  are 
supposed  to  have  led  to  the  development  of  optic  atrophy. 

Dyserethisia.     Diminished  sensibility  or  irritability. 

Dysgraphia.  See  Visual  aphasia;  Neurolog-y  of  the  eye;  also,  p.  198, 
Vol.  I,  of  this  Encyclopedia. 

Dyslexia.  See  Visual  aphasia;  Neurology  of  the  eye;  also.  Vol.  I,  p. 
221,  of  this  Encyclopedia. 

Dysmenorrhea.  According  to  Parsons  {Pathology  of  the  Eye,  Vol.  4, 
p.  1304)  dysmenorrhea  may  he  due  to  disease  of  the  sexual  organs  or 
to  general  disease.  In  the  former  case  it  has  been  by  various  authors 
thought  to  be  associated  with  episcleritis  and  seleritis,  hyphema,  iritis, 
iridocyclitis,  iridochoroditis,  vitreous  hemorrhage,  papillitis,  retrobul- 
bar neuritis,  paralysis  of  extrinsic  muscles,  subjective  defects  of  vision, 
etc.  Dysmenorrhea  may  be  due  to  other  diseases  and  cause  ocular 
manifestations,  e.  g.  tuberculosis,  anemia,  hysteria,  etc.  Chromidrosis- 
may  occur  under  these  conditions,  and  xanthopsia  is  recorded. 

Dysmyotonia.    Muscular  atony.     Dysmyotonia  congenita  is  the  muscu- 
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lar  atony  and  obstinately  rigid  condition  of  the  muscles  observed  in 
Thomsen's  disease. 

Dysopia.  Dysopsia,  Dysopsy.  Painful  or  defective  vision.  Dimness 
of  vision ;  also  the  state  of  having  small  or  deformed  eyes. 

Dysopia  dissitorum.     A  term  applied  by  CuUen  to  myopia. 

Dysopia  lateralis.  "Skew-sight,"  or  vision  to  one  side;  an  aflEection 
in  which  an  object  can  be  seen  only  when  held  obliquely  before  the 
eye.  It  may  be  due  to  some  opacity  of  the  cornea  or  lens,  but  is  also 
the  result  of  an  oculomuscular  or  fundus  defect. 

Dysopia  luminis.     Nyctalopia. 

Dysopia  proximormn.  (L.)  A  term  used  by  CuUen  to  indicate  hyper- 
metropia  and  presbyopia. 

Dysopia  tenebrarum.     (L.)     Ilemeralopia. 

Dysopsia.     (L.)     A  synonym  of  dysopia. 

Dysorasis.     (L.)     A  synonym  of  dysopia. 

Dysostose  cleidocranienne.  This  tenn  is  applied  ]>\  French  authors 
to  a  skull  deformity  which  is  sometimes  accompanied  by  other  mal- 
formations. R.  Bergmeister  (Bcitrage  zur  Augenhcilk.,  No.  79,  1911) 
reports  a  double,  congenital  case  in  a  girl,  set.  12,  with  this  cranial 
anomaly.  The  patient  was  an  intelligent,  fair-haired  child,  who  pre- 
sented other  points  of  interest  as  follows : — The  lower  jaw  was  ex- 
ceedingly small,  the  angle  was  blunt,  while  the  other  face  bones  were 
of  normal  size ;  there  was  no  limitation  of  movement  in  the  mandibu- 
lar joint.  "When  looked  at  in  profile  the  appearance  of  the  child's  face 
was  similar  to  that  of  a  bird's.  The  biparietal  measurement  was 
slightly  increased,  and  tliere  were  furrows  over  the  site  of  the  longi- 
tudinal and  lambdoid  sutures,  due  to  well-marked  depressions  along 
these  lines,  and  to  the  bones  of  the  skull  curving  up  sharply  from  the 
site  of  the  suture ;  at  the  bottom  of  these  furrows  the  bones  were  want- 
ing, and  it  was  easy  to  feel  the  brain  pulsation.  The  hair  on  the 
anterior  half  of  the  head  appeared  normal,  while  tbal  on  tbc  posterior 
half  was  thin,  and  arranged  in  tufts,  the  skin  lieiiig  (juitc  iioniial. 

Radiographs  demonstrated  the  absence  of  bone  in  the  furrows,  the 
absence  of  any  attempt  at  a  metopic  suture,  and  tlie  presence  at  one 
spot  of  a  supernumerary  ])one  like  a  Wofiniaii  Ijouc  in  the  lambdoid 
furrow;  the  base  of  the  skull  appeared  normal,  the  teeth  were  in  good 
order,  two  lower  molars  on  each  side  being  present.  Tbere  were  im 
other  skeletal  defects,  the  clavicles  were  particularly  mentioned  as 
being  well  formed.  Tbere  was  no  evidence  of  rickets,  and  a  radio- 
grapli  of  the  tlioi-ax  sliowed  im  shadow  suggesting  an  abnormally 
large  pci'sisletit  tbynius  gbind.  Tbc  gb)bcs  were  ol"  normal  size,  there 
was  nystagmus,  and  tlie  ealaraels  were  of  a  niilky-white  color,  llie  left 
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being  almost  of  Lhe  nature  of  a  Morgagnian  cataract.  Perception  and 
projection  of  light  were  good,  and  the  results  of  operation  were  suc- 
cessful.    [Abstract  in  the  Oph.  Review,  Nov.,  1911,  by  R.  R.  James.] 

Dyspepsia.  As  is  well  known  to  every  ophthalmologist,  diseases  of  the 
digestive  apparatus  play  an  important  part  in  many  ocular  affections, 
especially  in  muscular  asthenopia  and  in  eye  symptoms  dependajil, 
upon  certain  general  dyscrasite.  It  is,  consequently,  important  that 
the  systemic  state  of  ophthalmic  patients  suffering  from  any  sign  of 
this  rather  indefinite  complaint  should  be  carefully  investigated. 
See  General  diseases. 

Dysphotia.     (L.)     An  obsolete  term  for  myoj^ia. 

Dystrophia  musculorum  progressiva.  Primary  myopathia,  Pseudo- 
iiYi'ERTROPiiiA.  This  form  of  muscular  atrophy  was  first  described 
and  labelled  by  Erb.  Occasionally  (but  rarely)  not  only  the  muscles 
of  the  buttocks  and  the  extremities  but  those  of  the  face  are  affected 
by  this  form  of  atrophy.  When  the  facial  muscles  are  involved  it 
generally  includes  the  orbicularis  palpebrarum.  When  that  happens 
the  atrophy  varies  in  degree  between  slight  defects  in  closure  of  the 
lids  and  a  marked  lagophthalmos.  In  very  rare  cases — of  the  bul- 
bar paralytic  type — the  extrinsic  eye-muscles  are  also  involved. 

Dystrophic  cataract.  Those  lenticular  opacities  that  affect  the  lens  as 
a  result  of  interference  with  its  normal  nutrition.  Cataract  due  to 
exposure  to  X-rays  or  to  excessive  violet  light,  as  well  as  "thyroid" 
cataract — cataracta  zonularis — diabetic  cataract,  etc.,  are  examples  of 
this  form  of  the  disease. 

Dystrophy  of  the  cornea.  This  section  should  be  read  in  conjunction 
with  Cornea,  Dystrophy  of  the,  in  Vol.  V,  p.  3356  of  this  Encyclo- 
pedia, to  which  it  is,  in  a  sense,  supplementary^ 

The  name  epithelial  dystrophy  of  the  cornea  was  given  by  Fuchs 
to  a  condition  not  properly  classified  as  either  suppurative  or  non- 
suppurative keratitis.  H.  M.  Traquair  has  reviewed  Fuchs'  article 
(Graefe's.  Archiv  filr  Ophthalmologie,  76,  3,  1910)  in  which  this  rare 
degenerative  affection  of  the  cornea  which  affects  only  elderly  persons, 
especially  women,  is  well  described.  Both,  or  only  one  eye  may  be 
affected.  The  disease  begins  with  loss  of  corneal  sensibility  to  touch, 
then  dimness  of  the  cornea  occurs  with  or  without  slight  signs  of  in- 
flammation, if  the  latter,  loss  of  vision  first  attracts  the  patient's 
notice.  The  opacity  is  superficial  and  appears  diffuse  to  the  unaided 
eye.  It  is  most  pronounced  in  the  pupillary  region,  fading  away 
gradually  into  the  surrounding  clear  area,  and  extending  as  a  rule 
more  downwards  than  upwards.  The  most  marked  alterations  are  in 
the  epithelium,  the  surface  of  which  is  matted  or  roughly  uneven, 


DYSTROPHY  OF  THE  CORNEA  4109 

having  an  opaque  and  swollen  appearance,  and  shows  either  definite 
blebs  or  small  dark  points,  visible  by  means  of  a  lens,  which  corre- 
spond to  little  cavities  in  the  epithelial  substance.  These,  as  well  as 
the  blebs,  appear  l)laek  against  the  pupillary  background  indicating 
that  the  chief  site  of  the  opacity  is  in  the  epithelium.  If  this,  how- 
ever, is  removed  the  cornea  itself  usually  shows  a  very  delicate  super- 
ficial stippled  opaeit.y. 

The  corneal  surface  is  quite  insensitive  to  touch  and  when  one  eye 
only  is  affected  the  sensibility  of  the  apparently  normal  cornea  is 
greatly  diminished.  The  deeper  parts  of  the  eye  are  normal  unless 
the  case  is  complicated  by  increased  tension  which,  however,  is  absent 
as  a  rule. 

The  opacity  increases  slowly  but  surely  in  the  course  of  years. 
Finally  a  more  sharply  demarcated,  definitely-grey  opacity  forms  in 
the  pupillary  area.  It  is  raised  above  the  level  of  the  periphery  which 
is  only  faintly  opaque  and  consists  of  a  layer  of  new-formed  connect- 
ive tissue  between  Bowman's  membrane  and  the  epithelium.  Vision 
is  then  reduced  to  counting  fingers  at  a  very  short  distance. 

Four  cases  occurred  in  men  and  nine  in  women,  the  latter  includ- 
ing the  three  in  which  the  tension  was  raised.  In  seven  the  condition 
was  ])inoeuIar,  in  five  monocular  and  in  another  there  was  doubt  as 
to  the  second  eye.  IMost  of  the  patients  were  over  fifty  years  when  the 
disease  showed  itself,  and  with  the  exception  of  one  who  had  chronic 
nephritis  all  were  in  good  health. 

The  differential  diagnosis  is  ])etween  this  condition  and  glauco- 
matous corneal  haze,  intei-stitial  keratitis,  keratitis  profunda,  and 
other  forms  of  chronic  corneal  opacity.  The  etiology  is  unknown  ex- 
cepting in  so  far  as  ohl  age  and  the  female  sex  seem  to  be  predispos- 
ing causes.  The  relative  frequency  works  out  at  one  in  twenty  thou- 
sand of  all  eye  affections. 

Treatment  is  of  no  avail ;  massage  with  various  ointments,  dionin, 
hot  steam,  hot  air,  tincture  of  iodine  after  removal  of  the  epithelium, 
and  Bier's  congestion  were  Iricd  l)ut  without  permanent  benefit.  The 
prognosis  is  ])ad,  but  if  only  one  eye  is  affected  there  is  hope  that  if 
the  other  is  not  affcscted  soon  it  may  escape  altogether.  Up  to  the 
pj'osent,  patbohjgical  investigation  has  been  liiiiit<'(l  lo  the  cxaiiiinatioii 
of  a  trephined  disc  of  the  superficial  layers  of  the  cornea  in  an  old 
case.     (OpJil]ialmic  Review,  Jan..  1911.) 

In  the  November,  1911,  issue  of  tlic  Ophthalmic  Revieiv,  Traquair 
again  abstracts  the  report  of  a  case  of  dystropliy  of  the  corneal  epi- 
thelium, this  time  by  Paul  Knapp  (Graefe's  Archiv  fur  Ophthnl.,  78, 
2,   1911)    who  after  a  successful   cataract  opei-ation    in   a    woman  of 
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6S  years  found  indications  of  glaueouia  which  became  quite  definite 
after  another  year.  As  well  as  the  usual  superficial  dulness  of  the 
cornea,  which  disappeared  under  appropriate  treatment,  some  deeper 
corneal  opacity  began  to  appear  at  this  time  which  remained  perma- 
nent and  increased  so  that  five  years  after  the  cataract  extraction,  and 
in  spite  of  two  sclerectomies,  there  was  slight  +  tension,  both  deep- 
and  superficial  corneal  opacity,  and  vision  reduced  to  fingers  at  2  m. 
The  age,  sex,  commencement  in  the  right  eye,  combination  with  glau- 
coma, insidious  onset,  and  the  symptom  of  clouded  vision  in  the  morn- 
ing improving  during  the  day,  corresponded  with  the  conditions  noted 
by  Fuchs.  The  corneal  sensibility  of  the  left  apparently  healthy  eye 
(from  which  the  lens  had  also  been  extracted)  was  depressed. 

Paul  Knapj)  lays  stress  on  the  difference  between  the  opacity  due 
to  glaucoma  and  that  due  to  dystrophia  epithelialis  which  is  of  a 
chronic  progressive  nature,  and  the  improvement  in  vision  during 
the  day,  whereas  in  glaucoma  the  vision  usually  gets  worse  as  the 
day  goes  on,  in  cases  in  which  diurnal  variation  is  present.  He  sug- 
gests that  the  condition  is  due  to  edema  of  the  corneal  tissue  and  that 
the  daily  improvement  is  due  to  the  movements  of  the  upper  lid  which 
act  as  a  form  of  massage.  Acting  on  this  view  he  massaged  the  cornea 
with  the  finger  on  the  upper  lid  and  obtained  a  very  definite,  but  only 
temporary,  improvement,  both  subjective  and  objective.  He  con- 
cludes that  the  condition  depends  on  a  nervous  disturbance — evi- 
denced by  the  reduction  of  sensibility — followed  by  chronic  edema  of 
the  cornea,  especially  of  its  epithelium. 

Uribe  y  Troncoso  (Anales  de  Oftahnologia,  October,  1911)  has  ob- 
served a  case  resembling  those  described  by  Fuchs.  The  patient,  a 
woman  of  30  years,  had  noticed  poor  vision  of  the  left  eye  for  a  year. 
The  sight  was  completely  obscured  at  intervals,  when  a  thick,  gelatin- 
ous secretion  gathered  between  the  lids.  Her  history  included  a  pus- 
tular skin  eruption,  amenorrhea  since  puberty,  and  convulsions.  The 
affected  eye  showed  no  vascularization  of  the  conjunctiva.  The  cornea 
was  cloudy,  of  a  dull,  whitish-gray  color,  and  the  opacity  occupied  the 
lower  two-thirds  of  the  cornea.  By  oblique  illumination  it  was  seen 
to  be  made  up  of  numerous  white  points.  The  cornea  was  without 
sensibility.  The  iris  reacted  well  to  light.  Fluorescin  produced  no 
discoloration.  The  inferior  cul-de-sac  contained  a  little  white,  thick, 
mucous  secretion.  With  the  Schiotz  tonometer  the  tension  was  found 
to  be  14  mm.  Hg.  The  only  fundus  lesion  found  after  dilating  the 
pupil  was  a  posterior  staphyloma.  After  unsatisfactory  treatment 
with  dionin  and  collargol,  the  patient  failed  to  return. 

Rochon-Duvigneaud  and  Ducamps    {Soc.   d'Opht.  de  Paris,  July, 
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Clin.  Opht.,  V.  19,  p.  469,  126,  1913)  describe  a  case  of  syiiimetrical 
marginal  dystrophy  in  a  young  man  17  years  of  age  with  a  lesion  of 
the  left  eye  1  to  3  mm.  long,  located  at  the  inner  lower  quadrant  within 
the  corneal  margin.  It  was  non-ulcerative  and  gray.  The  center  of 
the  cornea  was  perfectly  normal  and  no  part  of  the  cornea  stained 
with  fluorescein.  The  aft'ected  area  showed  marked  hyperesthesia, 
the  other  being  normal.  Vision  equaled  one-third,  not  improved  with 
glasses.  There  was  neither  pain  nor  reaction,  the  patient  having  been 
ignorant  of  the  corneal  affection,  having  consulted  him  on  account  of 
a  blepharitis. 

Motolese  {Ann.  di  Ott.,  v.  42,  p.  272,  126,  1913)  saw  a  man  53  years 
of  age  with  epithelial  dystrophy  which  had  existed  six  months  before 
consulting  him.  There  was  moderate  corneal  congestion  in  the  left  eye, 
with  partial  anesthesia;  total  anesthesia  in  the  right.  The  opacity 
lay  mostly  central  and  resisted  all  forms  of  treatment  instituted.  At 
the  end  of  six  months  small,  transparent  vesicles  appeared  on  the 
cornea  towards  the  lower  nasal  limbus.  Reese  {Arch,  of  OphtJi., 
V.  42,  p.  181,  126,  1913)  also  reports  a  ease  in  an  old  lady  74  years  of 
age  which  progressed  steadily  for  four  years,  notwithstanding  treat- 
ment. Vesicles  also  appeared  here,  with  a  wrinkled  appearance  of 
the  epithelium  over  the  opacity.  De  Schw^einitz  saw  one  typical  case 
appear  in  a  patient  following  a  successful  cataract  extraction.  The 
tension  was  normal  and  only  the  one  eye  was  affected.  Another  case 
reported  by  him  was  bilateral.  He  thought  dionin  and  biniodid  of 
mercury  had  helped  one,  whereas  treatment  had  been  unavailing  in 
the  other  ca.se.  Alt  {Amer.  Jour.  Ophth.,  V.  30,  p.  39,  127,  170,  1913) 
saw  some  extraordinary  alterations  in  the  corneal  epithelium  of  a 
glaucomatous  eye  with  a  milky-white  thickening  of  the  upper  por- 
tion of  the  cornea  resembling  pannus.  On  section,  this  was  seen  to 
be  between  Bowman's  membrane  and  the  epithelium  and  consisted 
of  connective  tissue  and  blood-vessels.  In  the  center  of  the  cornea 
were  two  vesicles. 

Arnold  Knapp  (Trans,  of  the  Am.  Ophth.  Soc,  1911)  reports  a 
case  which  illustrates  tlie  differential  points  between  dystrophia  of 
the  cornea  and  senile  sclerosis  of  the  cornea.  After  a  cataract  ex- 
traction upon  a  woman  of  82  years,  which  progressed  satisfactorily 
otherwise,  the  cornea  became  anesthetic,  showed  a  faint  superficial 
opacity,  and  its  surface  became  uneven  and  finally  stippled.  The 
ten.sion  was  normal.  Treatment  was  of  no  avail  and  there  was  prac- 
tically no  change  in  the  appearance  of  the  eye  until  her  death,  a  few 
)iK)ii1hs  later.  The  other  coi'iiea  had  been  in  the  same  condition  during 
the  period  of  observation  and  perhaps  fi'oiii   tlic  lime  of  a  i)revious 
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operation  twelve  years  before.  This  condition  is  peculiar  to  old  age. 
The  opacity  increases  slowly,  is  generally  more  pronounced  in  the 
pupillary  area,  and  finally  newly-formed  tissue  is  deposited  in  the 
cornea  between  Bowman's  membrane  and  the  epithelium.  In  senile 
sclerosis  the  corneal  opacity  is  deeper  in  the  cornea  and  the  super- 
ficial changes  are  absent. 

As  Reese  (Ophthalmic  Record,  March,  1913,  p.  131)  points  out,  there 
are  three  forms  of  the  disease :  one  due  to  deposits  of  mucin  and  oc- 
curring in  myxedematous  subjects;  a  second,  due  to  thyroidectomy, 
.  and  a  third,  the  greyish-green  discoloration  of  the  cornea  occurring  in 
disseminated  sclerosis.  The  majority  of  cases  of  dystrophy  may  be 
regarded  as  an  expression  of  local  disturbances  of  nutrition.  Reese 
reports  one  case  which  he  treated  with  dionin,  holocain  and  massage 
locally,  and  the  glyceroj^hosphates  internally,  and  there  was  no  ap- 
preciable improvement. 

Cases  have  also  been  described  by  de  Schweinitz,  Pfalz  and  Hoppe 
(Trans.  Sec.  on  Ophih.,  Coll.  Phys."^  Phila.,  Feb.  20,  1913).  Each  ob- 
server records  a  single  case.  The  last  reporter  saw  the  condition  in 
a  woman  of  30  years  or  less.  Pfalz'  patient  was  a  man  aged  58. 
Hoppe 's  patient  was  a  man  of  70.  In  the  youngest  patient  the  trouble 
had  lasted  about  a  year.  In  most  of  the  other  cases  it  dated  back  ten 
years  or  more. 
Dzondi,  Karl  Heinrich.  Born  Sept.  25,  1770,  at  Oberwinkel,  Walden- 
berg,  Germany,  he  first  studied  theology,  then  philosophy.  Still 
later,  he  turned  to  medicine,  receiving  his  degree  in  that  subject  at 
Wiirzburg  in  1806.  In  1811  he  became  Professor  of  Surgery  and 
Director  of  the  Surgical  Clinic  at  Halle.  He  died  of  apoplexy,  June 
1,  1835. 

Among  his  more  important  general  compositions  are :  ' '  Lehrbuch 
der  Chirurgie"  (Halle,  1821)  and  "Die  Dampfmaschinen,  ein  Neues 
Heilmittel"  (Leipzig,  1821)  which  still  possess  at  least  an  antiquarian 
interest. 

Dzondi  was  a  celebrated  ophthalmic  operator,  and,  as  to  other  mat- 
ters in  our  field  (in  particular,  blepharoplasty),  published  in  1835,  a 
popular  work  on  ocular  hygiene,  which  bore  the  attractive  title,  "Die 
Augenheilkunde  fiir  Jedermann,  Welche  Lehrt,  die  Gesundheit  der 
Augen  zu  Erhalten  und  die  Krankheiten  derselben  Bald  und  Sicher 
zu  Heilen."— (T.  H.  S.) 


E 


Eagle,  Golden.  Aquila  chrysaetos.  This  bird  furnished  several  sub- 
stances to  the  phannacopceia  of  the  ancients,  notably  its  bile  and  excre- 
ment.    The  latter  was  used  in  French  practice  until  this  century. 

The  gall  and  the  brain  of  the  eagle  were  esteemed  in  Greco-Roman 
antiquity  as  a  remedy  for  weakness  of  the  eyes.  These  were  simply 
smeared  upon  the  lids.  The  curious  practice  was  based,  by  a  false 
method  of  reasoning,  upon  the  eagle's  well-known  visual  powers. — 
(T.  H.  S.) 

Eales,  Henry.  A  well-knoAvn  ophthalmologist  of  Birmingham,  England. 
He  was  born  at  Newton  Abbott  in  1852,  the  son  of  the  Vicar  of  Yealmp- 


Hcnry  Ealos. 

ton,  Devonshire.  lii.s  medical  education  was  received  at  University 
College,  London,  where  he  was  awarded  two  silver  medals  in  anatomy 
and  one  in  materia  medica.  In  1873  he  was  made  a  member  of  the 
Royal  College  of  Surgeons.  He  served  for  a  time  as  House  Surgeon 
to  the  Birmingham  and  Midland  Eye  Hospital  later  becoming  Medical 
Tutor  and  Demonstrator  of  Anatomy  at  Queen's  College  Diitninn-hani. 
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III  1878  ho  was  made  one  of  the  Honorary  Surgeons  to  the  Eye  Hos- 
pital. In  1911  he  was  President  of  the  Ophthalmic  Section  of  the 
British  Medical  Association. 

He  was,  at  the  time  of  his  death,  Medical  Referee  for  Ophthalmic 
Cases  under  the  Workmen's  Compensation  Act. 

He  did  not  write  nnich,  but  all  that  he  wrote  was  clear,  sound,  and 
practical.     His  most  important  composition  was  entitled  "State  of  the 
Retina  in  100  Cases  of  (Iranular  Kidney."    He  also  wrote  on  strabis- - 
mus,  retinal  hemorrhage,  and  glaucoma. 

He  was  a  kind  and  courteous  man,  loved  by  those  who  knew  him  in- 
timately, popular  with  all.  He  was,  however,  inclined  to  fits  of  de- 
pression and  worry,  and  would  never  indulge  in  vacations. 

He  died  Feb.  8,"l913.— (T.  H.  S.) 
Eai"  and  eye,  Relations  of  the.  This  subject  1ms  been  discussed  under 
the  caption.  Deafness,  Ocular  relations  of,  and  elsewhere  in  this 
Encyclopedia,  but  it  may  be  added  here  that  the  points  of  contact  be- 
tween otology  and  ophthalmology  are  surprisingly  few,  although  much 
has  been  written  upon  them.  Some  of  the  more  important  communica- 
tions are  given  in  the  following  abstracts : 

The  frequency  and  character  of  eye  lesions  as  a  result  of  otitic  disease 
is  discussed  by  Spicer  (Practical  Medicine  Series,  1907),  who  states 
that  there  are  widely  diverse  reports  as  to  the  conditions  found  in 
meningitis,  thrombosis  and  brain  abscess.  Some  observers  find  very 
few  in  large  numbers  of  cases,  others  find  a  large  percentage  in  a  com- 
paratively small  number  of  cases.  The  author  concludes  that  we  may 
have  one  or  more  of  the  following  ocular  manifestations  of  the  external 
signs:  nystagmus,  paralysis  of  the  motor  and  sensory  functions  of  the 
eyes  and  dilation  of  the  pupils.  Cellulitis  also  occurs  with  protrusion 
of  the  eyeball,  which  may  lie  fixed  by  infiltration  of  orbital  tissue.  In- 
ternally, we  may  have  optic  neuritis  or  choked  disc,  of  which  he  has 
found  34  instances.  Papillitis  occurs  occasionally,  also  neuroretinitis 
and  optic  atrophy.  The  vessels  are  quite  frequently  changed  in  char- 
acter. A  seroplastic  purulent  choroiditis  is  noted,  rarely  ending  in 
panophthalmitis. 

In  Peyser's  (Bcrl.  lli)i.  WocJmschr.,  No.  26,  1908)  ease  the  paralysis 
of  the  external  rectus  followed  a  subperiosteal  abscess  complicating 
otitis  after  scarlatina.  He  attributes  the  palsy  to  propagation  of  the 
inflammation  through  the  external  soft  parts  to  the  orbit,  and  not  to  an 
intracranial  process.  In  Hedon's  {Montpellier  Med.,  April  9,  1908) 
case  paralysis  of  an  extemns  developed  after  double  otitis  media  fol- 
lowing grip. 
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In  Knapp's  {Arch,  of  Ophth.,  September,  1908)  case  paralysis  of  the 
abducens  occurred  in  connection  with  otitis  media  without  perforation. 
Pain  in  the  right  eye,  cheek  and  gums,  and  inability  to  chew,  were  also 
present.  Such  a  complexus  of  symptoms  is  indicative  of  a  lesion  in 
the  Gasserian  ganglion,  as  suggested  by  Baldenweek,  who  regards  the 
anatomic  lesion  as  an  otitis  at  the  petrous  apex,  the  extension  taking 
place  along  the  cancellous  tissue  from  the  tympanum  to  the  apex  of 
the  petrous  pyramid.  The  proximity  of  the  Gasserian  ganglion  to  the 
sixth  nerve  at  this  point  explains  the  involvement  of  that  nerve,  but 
the  extension  along  the  carotid  venous  plexus  has  never  been  demon- 
strated.    The  associated  involvement  of  the  ganglion  is  not  so  clear. 

Eauge  {La  Clin.  Opht.,  November  25,  1908)  observes  that  Graden- 
igo's  syndrome — paralysis  of  the  abducens  during  the  course  of  chronic 
or  acute  otitis — is  still  unexplained.  He  reports  several  instances. 
Elze  {Woclnifichr.  f.  Therap.  ti.  Hyg.  d.  Auges,  October  1,  1908)  ob- 
served two  cases  of  diplopia  from  injury  to  the  head,  after  concussion 
with  symptoms  of  labyrinthine  disease  and  involvement  of  a  semi- 
circular canal ;  to  the  affection  of  which  latter  structure  the  ocular 
disturbance  was  probably  due.  In  aural  neuroses  caused  by  eye-strain 
Theobald  {Tr.  Sec.  on  Ophth.,  A.  M.  A.,  p.  104,  1909)  finds  three 
varieties  of  tinnitus  which  may  result  from  eye-strain.  The  more 
common  vascular  type,  the  low-pitched  whirring  or  fluttering  caused 
by  irregular  contractions  of  the  tensor  tympani,  and  the  high-pitched 
intermittent  tinkling  produced  by  contractions  of  the  stapedius.  He 
has  also  found  a  "muflHed"  or  "stuffed"  sensation  in  the  ear,  and 
pain  in  or  about  the  ear  as  a  reflex  of  eye-strain.  AVhether  the  vertigo 
not  unusually  associated  with  eye-strain  is  to  be  regarded  as  an  aural 
reflex  he  does  not  undertake  to  decide.  Four  cases  are  reported  in 
which  the  symptom  mentioned  had  been  relieved  one  or  more  times 
by  the  correction  of  errors  of  refraction  or  tenotomy, 

Rollet  {Ami.  of  Ophth.,  p.  189,  1909)  finds  that  diseases  or  strain 
of  the  eye  may  produce  a  reflex  deafness  as  well  as  vertigo  and  tin- 
nitus. Lewis  {Ann.  of  Ophth.,  p.  59,  1909)  calls  attention  to  the 
clinical  evidence  of  such  a  connection  between  the  eye  and  ear  that 
irritation  and  improper  functioning  of  the  former  may  disturb  the 
latter.  He  finds  that  a  symptom-complex  resembling  ]\Ieniere's  disease 
may  ])e  produced  through  ineooi'diiuite  action  of  the  eye,  and  he  be- 
lieves that  the  elinieal  facts  indicate  that  the  cerebellum  exercises  gov- 
erning funetions  of  a  special  importance  in  tlu;  ])Iiysi<)logy  of  vision. 
He  rei)orts  three  cases  that  seem  1o  indicate  tiic  oplillialiuic  organ  of 
such  otic  disturbances. 
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Earle's  extraction  of  cataract.  A  small  lancet,  uot  now  used,  was 
arranged  to  move  backward  and  forward  between  the  blades  of  a  for- 
ceps. The  instrument  was  introduced  through  the  sclerotic  and  chor- 
oid; the  lancet  was  withdrawn  by  means  of  a  spring  in  the  handle, 
and  the  blades  of  tlie  forceps  were  then  opened  and  the  cataract  seized 
and  removed. 

Earning-  power,  Loss  of.  See  Legal  relations  of  ophthalmology,  about 
the  middle  third  of  article ;  also  Visual  economics. 

Earth,  Fuller's.  Kaolin.  Porcelain  clay.  This  substance,  a  native 
aluminium  silicate,  is  freed  from  gritty  particles  by  washing.  It  is  a 
soft,  white  powder  (or  occurs  in  lumps),  odorless  and  with  an  earthy 
taste ;  insoluble  in  water.  It  is  used  as  an  absorbent,  dusting  powder, 
or  an  excipient  in  pills.  Its  use  in  ophthalmology  is  confined  to  that  of 
a  dusting  powder  in  the  treatment  of  eczema. 

Ear  wax.  This  substance  was  emj^loyed  by  both  Calissen  and  Himly  as 
an  application  to  the  point  of  a  cataract  (couching)  needle,  just  prior 
to  its  use.    Sehum  cutaneum  was  similarly  employed. —  (T.  H.  S.) 

Easter  flower.    See  Pulsatilla. 

East  Indian  ophthalmology.    See  Hindu  ophthalmology. 

Eau.     (P.)     "Water.    An  aqueous  solution  of  a  medicinal  substance. 

Eau  antiophtalmique.  (F.)  See  Aqua  ophthalmica,  Vol.  I,  p.  54.3,  of 
this  Eneycl(>i)(  dia. 

Eau  antiophtalmique  d'Yvel.  (F.)  An  old  form  of  colly rium  made 
by  mixing  24  parts  of  zinc  sulphate,  8  of  copper  sulphate,  5  of  camphor, 
and  2  of  saffron,  and  dissolving  a  thimbleful  of  this  powder  in  a  pint 
of  water ;  used  as  a  remedy  for  chronic  inflammation  of  the  eyelids. 

Eau  azuree.     (F.)     Solutio  cupri  ammoniacalis. 

Eau  camphree.     (F.)     A(|ua  campborfe. 

Eau  de  Cologne,  Ophthalmic  relations  of.  Until  comparatively  recently 
Cologne  water  was  prepared  with  ethyl  alcohol  or  Cologne  spirits.  Re- 
cently it  is  often  made  up  with  pure  or  deodorized  wood  alcohol,  usually 
with  the  so-called  "Colonial  spirits"  which  is  nothing  more  than  a  puri- 
fied (deodorized)  methyl-alcohol.  In  consequence  of  this  change  of 
menstruum  drinkers  of  eau  de  Cologne  are  subjected  to  the  poisonous 
influence  of  the  wood  alcohol.  In  this  way  quite  a  number  of  people 
have  been  blinded.  This  subject  is  further  discussed  on  p.  3253,  Vol. 
5,  of  this  Encyclopedia.     See,  also.  Toxic  amblyopia. 

Gifford  {Ophthal.  Record,  Vol.  X,  p.  343,  1001)  gives  a  definite  ac- 
count of  a  patient  (a  man),  thirty-five  years  of  age,  whose  vision  was 
affected  by  the  ingestion  of  Cologne  water  prepared  with  the  so-called 
Colonial  spirits. 

Eau  de  fontaine.    (F.)    Spring  water. 
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Eau  de  Goulard.  (F.)  Goulard's  water.  An  aqueous  solution  of  lead 
subacetate  with  the  addition  of  a  little  alcohol. 

Eau  de  la  duchesse  de  Lamballe.  (F.)  A  preparation,  formerly 
applied  to  the  eyes,  made  by  mixing  1  part  of  lead  acetate,  2  parts  of 
alum,  and  250  parts  each  of  rose-water  and  plantain-water. 

Eau  de  I'epicier.  (F.)  Eau  de  Provence.  Eau  de  la  duchesse  d'An- 
GOULEME.  A  eollyrium  prescribed  by  Bridault,  and  made  of  1  gramme 
each  of  zinc  sulphate,  rock  candy,  and  iris,  200  grammes  of  water,  and 
20  drops  of  alcohol.    Applied,  in  part,  to  ophthalmia. 

Eau  de  Mars.  (F.)  An  old  eollyrium  made  by  pouring  Hoffmann's 
liquor  and  an  alcoholic  extract  of  wormwood  over  red-hot  flints. 

Eau  de  Provence.  (F.)  An  ophthalmic  mixture  of  1  gramme  each  of 
zinc  sulphate,  rock  candy,  and  iris,  200  grammes  of  water,  and  20 
drops  of  alcohol.    See  Eau  de  I'epicier. 

Eau  de  puits.     (F.)     Well-water. 

Eau  des  sources.     (F.)     Spring-water. 

Eau  divine.  (F.)  A  solution  of  25  parts  each  of  alum,  nitre,  and  copper 
sulphate,  and  1  part  of  camphor  in  5,000  parts  of  water. 

Eau  douce.     (F.)    Soft  water. 

Eau  dure.    (F.)    Hard  water. 

Eau  d'Yvel  pour  les  yeux.  (F.)  A  preparation  made  by  boiling  61 
parts  of  rue  in  73-1  of  water  till  reduced  one-half,  adding  30  of  zinc 
sulphate  and  llVii  of  copper  sulphate,  and,  when  these  are  dissolved, 
I'ju)  of  camphorated  brandy;  or  by  triturating  5  parts  of  camphor 
and  2  of  saffron  with  a  little  water,  adding  water  enough  to  make  1,227, 
and  38  each  ol'  the  sulphates  of  zinc  and  copjjer,  and  filtering.  (Fos- 
ter.) 

Eau  forte.     (F.)     Nitric  acid. 

Eau  ophtalmique.     (F.)    See  Aqua  ophthalmica, 

Eau  ophtalmique  bleue.     (F.)     Solutio  cupri  ammoniacalis. 

Eau  ophtalmique  danoise.  (F.)  This  eollyrium  is  a  mixture  of  5  parts 
camphor,  S  ol"  lead  atuitate,  16  of  zinc  sulphate,  and  1,500  of  rose-water. 
It  has  also  been  prescribed  as  5  parts  of  zinc  sulphate,  8  of  lead-water, 
28  of  spirit  of  camplior,  and  1,200  of  distilled  water. 

Eau  ophtalmique  de  Benedict.  (F.)  An  astringent  eyewater  composed 
of  20  to  28  parts  of  copper  aluniinatc,  5  to  16  of  Sydenham's  laudaiuim, 
and  540  of  distilled  water. 

Eau  ophtalmique  de  Blasius.  (F.)  This  collyi-ium  is  a  mixture  of  I'lom 
5  to  6  parts  of  copper  aluminate,  15  of  hydrolate  of  opium,  and  46  of 
distilled  water. 

Eau  ophtalmique  de  Bogle.  (F.)  A  eollyrium  made  by  mixing  5  paits 
of  aloes,  7  each  of  zinc  sulphate  and  antimony  oxide,  180  of  distilled 
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water,  and  1  drop  of  oil  of  rosemary  to  the  ounce.   The  mixture  is  then 
allowed  to  stand  for  a  mouth,  when  it  is  filtered. 

Eau  ophtalmique  de  Conrad.  (F.)  A  preparation  no  longer  official, 
consisting  of  a  grain  (6  centigrammes)  of  corrosive  sublimate,  either 
tincture  of  opium,  extract  of  opium,  or  Sydenham's  laudanum  in 
varying  amount,  and  rose-water  or  infusion  of  elder-flowers  varying 
from  37  to  180  grammes.  Some  of  the  pharmacopoeias  added  to  this 
colly rium  a  little  licorice,  quince-seed,  or  tragacanth.     (Foster.) 

Eau  ophtalmique  de  Crespy.  (F.)  A  preparation  composed  of  12  parts 
of  zinr  sulphate,  3  of  powdered  orris-root,  and  700  of  water. 

Eau  ophtalmique  de  Graefe.  (F.)  A  collyrium  containing  0.12  part 
of  copper  aluminate,  28  parts  of  rose-water,  -4  parts  of  quince  muci- 
lage, and  2  parts  of  Sydenham's  laudanum. 

Eau  ophtalmique  de  Jaeger.  (F.)  A  collyrium  containing  1  part  of 
copper  aluminate,  2  parts  of  pyroligneous  acid,  and  480  parts  of  water. 

Eau  ophtalmique  de  Loches,  (F.)  This  eyewater  contains  3  parts  of 
tincture  of  aloes,  5  each  of  aluminium  sulphate  and  zinc  sulphate,  20 
of  alcohol,  and  450  each  of  distilled  water  and  melilot-water. 

Eau  ophtalmique  de  Rust.  (F.)  A  collyrium  containing  from  18  to  24 
centigrammes  of  copper  aluminate,  30  grammes  of  aqua  sambuci,  12 
drops  of  tincture  of  opium,  and  5  drops  of  lead-water. 

Eau  ophtalmique  de  Theden.  (F.)  An  astringent  collyrium  containing 
1  part  of  ammonium  chloride,  2  parts  of  copper  aluminate,  and  20 
parts  of  rose-water. 

Eau  ophtalmique  fortifiante.  (F.)  This  mixture  (collyrium)  contains 
7.6  parts  each  of  lead-water  and  spirit  of  camphor,  3.8  of  zinc  sulphate, 
and  245  of  aqua  chamomillae. 

Eau  ophtalmique  mercurielle.  (F.)  This  collyrium  is  no  longer  an 
official  preparation.  It  consisted  of  a  grain  (6  centigrammes)  of  cor- 
rosive sublimate,  either  tincture  of  opium,  extract  of  opium,  or  Syden- 
ham's laudanum  in  varying  amount,  and  rose-water  or  infusion  of 
elder-flowers  varying  from  37  to  180  grammes.  Some  of  the  pharma- 
copoeias added  to  the  collyrium  a  little  licorice,  C[uince-seed,  or  trag- 
acanth. 

Eau  ophtalmique  resolutive.  (F.)  Aqua  ophthalmic  a  resolvens.  A 
preparation  once  official  in  the  Hamburg  Code  of  1835.  It  contains  1 
part  of  antimony  and  potassium  tartrate,  60  parts  of  laudanum,  and 
240  of  water. 

Eau  saturnine.    (F.)    Liquor  plumbi  subacetatis  dilutus. 

Eau  zincee  camphree.  (F.)  A  solution,  used  occasionally  as  an  eye- 
water, of  18  parts  of  zinc  sulphate  and  8  of  camphor  in  786  of  boiling 
water ;  or  of  28  parts  of  zinc  sulphate  and  8  of  camphor  in  786  of  water. 
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Ebbinghaus's  theory.    See  Color-sense  and  color-blindness. 

Ebene.     (F.)     Ebony. 

Ebenheit.     (G.)     Evenness. 

Ebenheit  des  Feldes.     (G.)  Flatness  of  field. 

Ebers,  Georg"  Moritz.  This  well-known  German  Egyptologist  was  born 
at  Berlin,  ]\Iareh  1,  1837.  He  discovered  and  translated  numerous 
papyri,  of  which  the  most  important,  from  an  ophthalmic  stand- 
point at  least,  is  the  medical  document  known  as  the.  "Papyrus 
Ebers."  This  writing,  discovered  at  Thebes  in  1872,  forms  our  chief, 
indeed  almost  our  only,  source  of  knowledge  concerning  ancient  Egyp- 
tian ophthalmology.  Prior  to  1872  our  scanty  fountains  of  informa- 
tion were  Greek  and  Roman  authors — e.  g.,  Herodotus,  Celsus,  Plu- 
tarch, Galen. 

The  papyrus  Ebers  consi-sts  of  110  pages,  describing  all  the  diseases 
(and  the  remedies  therefor)  that  were  known  to  the  Egyptians  at  the 
time  when  the  document  was  written — about  B.  C.  1500.  Eight  pages 
are  devoted  exclusively  to  diseases  of  the  eye.  The  ophthalmic  portion 
of  the  work  Ebers  translated  into  German  and  published  at  Leipsic 
with  the  title,  "Papyrus  Augenkrankheiten."  Many  ocular  diseases 
are  named  in  this  early  work  on  ophthalmology,  but  none  are  described 
in  detail.    Xuiiicrous  prescriptions  are  given. 

Ophthalmology  is  often  declared  to  have  had  its  origin  in  Egypt, 
and  tlie  ophthalmic  portion  of  the  papyrus  Ebers  is  frequently  declared 
to  be  the  oldest  document  in  existence  in  which  are  mentioned  the 
diseases  of  the  eye.  Both  these  statements,  however,  are  erroneous. 
The  papyrus  Ebers,  as  stated  already,  dates  back  to  only  B.  C.  1500; 
the  Code  of  Hamurabi,  however,  which,  though  a  legal  composition, 
contains  a  number  of  important  references  to  ophthalmology  and 
ophthalmologists,  as  well  as  a  number  of  laws  concerning  both  these 
heads,  extends  across  "tli(>  dark  backward  and  abysm  of  time"  to  the 
year  two  thousand  two  hundred  and  fifty  years  before  Christ — a  hoary 
document  before  the  papyi'us  Ebers  was  even  dreamed  of. 

(A  (lct;iilc(l  account  of  the  ophthalmologic  portion  of  tlu;  pai)yrus 
El)('i\s  will  ])!■  round  under  Egyptian  ophthalmology,  as  well  as  under 
History  of  ophthalmology.) 

Ebers  was  the  author  of  a  number  of  well-known  historical  novels, 
of  which  the  most  impoi-tant  are:  T'arda  ;  The  Bride  of  the  Nile;  The 
Emperor;  A  Thorny  Path. 

He  died  in  August,  1898.— (T.  H.  S.) 

Eble'scher  Papillarkorper.     (G.)     Conjunctival  follicles. 

Eblouissement.     (V.>     A  momentary  dullness  of  vision  i)rodnce(l  eilher 
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by  the  too  sudden  impression  of  light  or  by  some  subjective  cause,  such 
as  disease  of  the  eye  or  cerebral  congestion. 

Ebn  Sina.    See  Avicenna. 

Ebony.  Diospyros  choium.  {Eheuus,  Pliny  xxiv,  52.)  A  favorite  rem- 
edy among  ancient  Eg^'ptian  and  Greco-Roman  ophtlialmologists.  The 
sawdust  from  ebony  wood  was  tirst  macerated  in  wine  for  four-and- 
twenty  hours,  then  made  into  little  cakes,  or  (solid)  colly ria.  An  in- 
fusion of  the  roots  was  also  sometimes  employed. —  (T.  H.  S.) 

Ebranlement,     (F.)     A  shock.     Commotion. 

Ebranlement  de  la  retine.     (F.)     Commotio  retiucT. 

Ebranlement  des  tissus.     (F.)     Contusion  of  the  tissues,. 

Ebstein's  theory.  A  theory  as  to  the  origin  of  gout,  which  the,  author 
claims  is  a  nutritive  tissue  disturbance  in  the  first  instance,  afterwards 
leading  to  necrosis.    In  the  necrotic  areas  urates  are  deposited. 

Ebullioscope.  A  thermometrie  instrument  for  determining  the  boiling 
point  of  spirits. 

Eburnation.    Conversion  into  an  ivory-like  substance. 

Eburne.     (F.)     Ivory-like. 

Ecaillette,     (F.)     A  small  scale. 

Ecailleux.     (F.)     Scaly ;  squamous. 

Ecart.     (F.)     Separation ;  divergence. 

Ecartement.     (F.)     Separation;  divergence;  abduction. 

Ecarter.  (F.)  To  draw  away  from  the  median  line  of  the  body  or 
limb. 

Ecarteur.  (F.)  A  retractor  or  instrument  for  holding  structures  apart. 
Also,  an  abductor  muscle. 

Ecblepharos.     An  ancient  form  of  prothesis,  or  artificial  eye. 

This  term  has  been  revived  by  Mueller  (of  Wiesbaden)  to  indicate  a 


Ecblepharos.     (Mueller.) 

form  of  artificial  eye  to  be  used  in  obliteration  of  the  conjunctival  cul- 
de-sacs,  in  cicatricial  orbit,  or  in  any  form  of  destruction  of  that  cavity, 
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Eeblepharos  Secured  to  the  Spectacles.      (Mueller.) 


Face  without  Eeblepharos. 
Eight  orl)ital  ciivity  coinpli'toly  destroj^ed  and  covered  with  skin. 


Face  with  Rijjht  Eeblepharos.     (Mueller.) 
The  foregoing  defect  remedied  by  an  outwardly  attached  eye. 
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ill  which  it  is  not  possible — even  after  operative  measures — to  insert 
an  artificial  eye. 

Each  eye  is  made  according  to  model  and  pattern  to  suit  the  par- 
ticular case  and,  mounted  on  a  silver  plate,  is  soldered  to  the  patient's 
spectacles.  The  accompanying  figures  give  a  fair  idea  of  this  device 
and  its  emplojnnent  in  obtaining  a  good  cosmetic  result  in  an  otherwise 
disfiguring  class  of  cases. 

Eccanthis.      (L.)     A  fleshy  growth  at  the  angle  of  the  eyelids. 

Eccauma.     (L.)     According  to  JEtius,  gangrenous  blepharitis. 

Eccentric.     Excentric.     Not  in  the  center ;  not  having  the  same  center. 

Eccentric  pencil.  In  optics,  a  pencil  of  light  or  ray-bundle  that  is  inci- 
dent to  or  that  emerges  from  a  peripheral  portion  of  a  mirror  or  lens. 

Ecchimosi  della  congiuntiva.     (It.)    Ecchymosis  of  the  conjunctiva. 

Ecchymosis  conjunctivae.  This  subject  has  been  fully  discussed  on 
pages  3011  and  3015,  Vol.  IV  of  this  Encyclopedia. 

Ecchymosis  of  the  lid.  Constitutes  what  is  popularly  termed  a  ' '  black 
eye."  On  account  of  the  exposed  location  of  the  eye  and  the  lax  con- 
dition of  the  lid  skin,  contusion  with  discoloration  is  more  frequent 
in  this  location  than  in  any  other  region  of  the  body. 

Treatment. — The  ordinary  black  eye,  if  seen  at  once,  is  best  treated 
by  cold  applications  (cloths  wet  wath  iced  water),  or  with  an  evapo- 
rating lead  lotion: 

Liq.  plumbi  subacetatis 

Alcohol.  aa  foi 

Aq.  destil.  Oi. 

Where  a  definite  blood-elot  has  formed  within  the  palpebral  tissues, 
the  common  practice  of  incising  the  skin  and  allowing  the  blood  to 
escape,  or  applying  two  or  three  leeches  to  the  orbital  margin  is  a  good 
one.  An  antiseptic  dressing  should  be  subsequently  applied.  Unless 
treatment  is  resorted  to  within  two  days,  no  remedy  will  be  of  use.  It 
is  then  best  to  cover  up  the  discoloration  with  flesh-colored  paint.  I 
would  advise  every  i)ractitioner  to  keep  on  hand  some  water  colors 
for  this  purpose.  No  production  of  his  artistic  hand  will  be  more 
appreciated  than  that  which  disguises  such  a  noticeable  blemish. 
See  Eyelids,  EcchyinGsis  of  the. 
Ecgonine.  Tliis  alkaloid,  C,,  H^.-  NO.,  -f-  IIo  0,  is  produced  synthetically 
along  with  benzoic  acid  and  methyl  alcohol,  by  the  action  of  hydric 
chloride  on  cocaine  in  closed  tubes  at  a  temperature  of  100  degrees  C.  It 
forms  colorless,  monocliiiic  prisms  of  a  slightly  bitter,  but  sweetish, 
taste.  It  is  very  soluble  in  water,  less  soluble  in  absolute  alcohol,  and 
is  insoluble  in  ether.     Ecgonine  hydrochloride  is  found  as  white  crys- 
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tals,  soluble  in  water,  very  slightly  iu  alcohol.  Both  agents  act  as 
local  anesthetics,  but  iu  no  respect  rival  the  desirable  qualities  of 
cocain,  holocain,  eucain  or  acoin. 

Echaudure.    A  scald,  or  burn  with  hot  steam  or  liquid. 

Echelle.    (F.)     Type.    Test  type. 

Echelle  de  laines.    (F.)    AVool  skein  test. 

Echelle  optoinetrique.  (F.)  Test  types  for  determining  the  acuity  of 
vision. 

Echelle  optometrique  a  main.     (F.)    Test  types  for  near  vision. 

Echelle  optoinetrique  murale.  (F.)  Test  (visual)  types  for  the  dis- 
tance. 

Echelles  d 'optotypes.     (F.)    Optotypes. 

Echelon  grating.  In  optics,  a  diffraction  grating  invented  by  Michelson 
and  used  to  ol)serve  a  very  high  order  of  spectra.  It  consists  of  a  num- 
ber of  superposed  exactly  similar  glass  plates  built  up  in  echelon^  or 
steps  of  equal  width,  and  through  which  an  enormous  increase  in  re- 
solving power  is  obtained.  The  echelon  grating  is  not  applicable  for 
the  analysis  of  sunlight  or  for  similar  purposes.  See  Diffraction. — 
(C.  F.  P.) 

Echelon-lens.  A  lighthouse  projector,  consisting  of  a  series  of  annular 
lenses  arranged  concentrically  in  echelon  or  steps. 

Echidnin.  The  venom  of  the  viper  and  other  poisonous  snakes.  It  is  a 
nitrogenous  principle  found  in  the  poison  sac. 

Echimosis.    A  "simplified"  spelling  of  ecchymosis. 

Echinacea  angnstifolia.  Black  sampson.  A  perennial  herb  growing  in 
the  United  States.  It  is  prescribed  occasionally  in  ophthalmic  practice 
because  it  is  claimed  to  have  alterative  value  in  strumous  and  syph- 
ilitic conditions.  The  dose  of  tlie  fluid  extract  of  the  root  is  25  to  30 
minims. 

Echinococcus  of  the  ocular  apparatus.  Hydatid  cyst.  The  embryo  or 
scolex  of  Twiiia  echinococcus,  the  tapeworm  of  the  dog.  It  is  found  in 
man,  most  freciuently  in  the  liver,  lungs,  and  l)raii),  embedded  in  a  cyst- 
like structure.  Echinococcus  is  an  exceedingly  rare  intraocular  parasite. 
In  the  same  way  hydatid  cysts  of  the  orl)it  or  neighboring  cavities  is 
extremely  uncommon.  According  to  Parsons  {Pathology  of  the  Eye, 
p.  438)  it  has  been  found  in  the  former  case  in  only  two  undoubted 
instances.  The  clinical  features  of  the  two  cases  were  similar.  In  both 
the  cyst  was  visible  as  an  opacity  on  the  posterior  surface  of  the  clear 
lens,  and  appeared  closer  to  the  observer  than  a  posterior  cataract. 
There  was  no  red  reflex,  and  the  eye  was  blind.  In  Werner's  case  the 
tension  was  raised  ;  in  Hill  Griffith's  glaucoma  was  induced  by  atropin. 
Anatomically  both  were  simple  cysts,  containing  no  daughter  cysts 
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as  distinguished  from  brood  capsules;  each  completely  filled  the  eye 
behind  the  lens.  One  was  situated  in  the  vitreous,  the  other  between 
the  retina  and  the  choroid.  Probably  the  difference  in  situation  ac- 
counted for  the  sterility  of  the  former,  and  the  contact  of  the  latter 
with  the  vascular  choroid  possibly  led  to  a  better  state  of  nutrition  and 
promoted  the  development  of  brood  capsules.  In  neither  case  was  a 
connective-tissue  capsule  present.  As  regards  the  mode  of  infection, 
while  cysticercus  can  be  caused  by  auto-infection,  this  is  impossible  in 
the  case  of  hydatid,  since  the  tgenia  echinococcus  has  never  been  seen 


•CviTV 


Intraocular  Hyaline  Laminated  Eetocjst,  Curved  inwards.     (Parsons.) 
The  outer  surface  is  greatly  wrinkled. 

in  man.  In  AVerner's  case  the  cyst  was  a  typical  echinococcus.  It  con- 
sisted of  two  layers — an  outer,  thick,  homogeneous,  and  elastic,  with 
a  great  tendency  to  curl  inwards,  and  composed  of  numerous  fine 
laminai  and  an  inner  or  parenchymatous  layer  (endocyst)  much  more 
delicate,  and  composed  of  a  finely  granular  substance  containing  many 
nuclei,  but  no  outlines  of  any  cells.  It  is  traversed  by  a  fine  network 
of  stiff  homogeneous  cords,  seen  only  in  surface  preparations.  There 
were  small  white  bodies  on  the  inner  surface,  which  proved  to  be  brood 
capsules ;  they  arise  from  the  parenchyma,  and  are  connected  with  it  by 
a  narrow  stalk.  In  some  of  them  Werner  counted  as  many  as  fifteen 
heads  or  scolices.  Some  are  retracted,  the  circle  of  booklets  being  vis- 
ible in  their  interior,  while  others  are  fully  extended,  and  show  their 
structure  very  well,  viz.,  the  rostellum  with  booklets,  four  suckers,  and 
below  this  a  neck-like  constriction.  Each  head  is  attached  to  the  inner 
surface  of  the  capsule  by  a  small  stalk  which  passes  into  its  base. 
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Heads  in  an  early  stage  of  development  can  be  seen  in  most  of  the 
capsules. 

Orloff  (Ann.  cVocul.,  February,  1908)  removed  a  tumor  of  the  upper 
lid,  the  shape  of  a  date  seed,  which  the  microscope  showed  to  be  an 
alveolar  echiuococcus.  The  reporter  believes  that  the  growth  was  pri- 
mary in  the  lid;  and  that  no  nucleus  of  infection  existed  elsewhere  in 
the  organism  of  the  patient. 

Cosmettatos'  {Klin.  M.  f.  Augenli.,  Sept.,  1912,  p.  315)  two  cases  of 
eehinococcus  of  the  orbit  both  led  to  final  loss  of  the  eyeball.  The 
first  case,  that  of  a  30-year-old  woman,  was  of  four  years'  duration. 
The  second  occurred  in  a  55-year-old  priest  whose  other  eye  had  been 
hopelessly  damaged  by  an  explosion  some  years  before ;  and  who  there- 
fore declined  operation  when  it  was  fii'st  proposed  on  the  eye  in  the 
affected  orbit.  This  case  was  of  six  years'  duration.  Cosmettatos 
directs  attention  to  the  differential  diagnosis  of  eehinococcus  cysts  of 
the  orbit  and  other  orbital  cysts  and  advocates  exploratory  puncture ; 
but  warns  that  as  punctured  cysts  infect  very  readily  one  should  be 
prepared  to  go  on  to  complete  removal  of  the  cyst  in  every  case.  In 
Redondo's  {Arch,  de  Oft.,  XII,  p.  471)  case  ptosis  had  existed  for 
eight  years  when  marked  proptosis  and  corneal  ulceration  made  oper- 
ation imperative.  Exploratory  puncture  yielded  fluid  in  which  were 
found  the  scolex  and  segments  of  taenia  eehinococcus.  The  cyst  con- 
tents were  aspirated  and  1  :1,000  bichlorid  solution  injected.  After 
three  days,  with  forceps  and  expression,  the  cyst  membrane  was  ex- 
tracted through  a  cutaneous  incision. 

.  Slerandi  {Woch.  f.  Tlier.  u.  Hyg.  dcs  Augcs,  Dec.  12,  1912)  reports 
a  case  in  a  44-year-old  man,  the  first  symptom  being  ptosis,  noticed 
nine  years  previous  to  his  admission  to  the  clinic.  On  admission  there 
was  ptosis,  exophthalmos,  a  fluctuating  mass  behind  the  eye,  and  per- 
forating ulcer  of  the  cornea  with  iris  prolapse.  Puncture  showed 
scoliees.  Incision  and  irrigation  with  sublimate.  Five  days  later  ex- 
trusion of  the  sac,  followed  by  a  speedy  cure.  Subsequently  ptosis 
operation.  The  conservative  treatment  in  this  class  of  cases  thus  re- 
ceives further  support. 

According  to  Parsons  {Pathology  of  the  Eye,  Vol.  2,  p.  723),  lierlin 
collected  thirty-nine  cases  of  hydatid  cysts  of  the  orhit,  to  which  La- 
grange added  thirty-two  more.  He  says  that  they  may  occur  in  any 
part  of  the  orbit,  slightly  more  commonly  below,  and  up  and  out. 
Unlike  hydatids  in  other  parts  of  the  body,  they  show  no  special  pref- 
erence for  tlif  innsf'lcs,  tliougli  siicli  have  been  (lescril)ed.  It  is  very 
exceptional  for  them  to  originate  in  the  or])ital  walls.  They  may  in- 
vade the  walls  and  cranial  cavity,  etc.,  secondarily,  or  the  orbit  from 
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the  cranium.  They  usually  vary  in  size  from  a  pea  to  a  nut,  though 
they  may  become  as  large  as  a  large  orange.  They  are  at  first  spherical, 
other  shapes  resulting  later  from  external  pressure.  They  are  remark- 
ably free  from  adhesions  to  neighboring  structures,  these  being  prob- 
ably always  due  to  injury,  followed  by  inflammation.  Growth  is 
usually  slow,  though  it  is  sometimes  apparently  very  rapid.  Most 
cases  of  hydatid  cysts  in  the  orbit  occur  in  young  people ;  only  2  out 
of  36  patients  were  over  40.  Males  are  affected  slightly  more  than 
females ;  the  opposite  is  the  case,  however,  taking  all  parts  of  the  body. 
Brood  capsules  and  heads  are  formed  later  in  echinococcus  cysts  than 
in  most  others;  they  are  more  commonly  absent  than  present  in  man, 
and  even  more  so  in  some  situations  than  in  others,  the  orbit  being  one. 
When  scolices  or  liooklets  are  found  in  the  fluid  they  are  absolutely 
pathognomonic.  The  cyst  wall  has  the  characteristic  lamination  of  all 
hydatid  cysts.  Thierfelder  examined  the  cyst  wall  in  its  original  sur- 
roundings. The  cyst  was  imbedded  in  highly  vascular  tissue,  which 
was  infiltrated  with  inflammatory  cells.  The  muscles  had  undergone 
colloid  degeneration.  There  are  rarely  brood  capsules  and  scolices  on 
the  inner  surface  of  the  mother  cyst,  but  these,  when  they  occur,  are 
generally  formed  in  daughter  cysts,  which  themselves  arise  from  the 
germinal  layer  of  the  mother  cyst,  or  from  brood  capsules  or  scolices. 
The  daughter  cysts  may  reach  100,  as  compared  with  several  thousands 
in  the  liver.  The  fluid  contents  show  no  cells,  like  serous  cysts,  nor  fat, 
like  dermoids.  It  remains  clear  on  boiling,  and  on  the  addition  of 
acids.  It  is  usually  neutral  in  reaction ;  specific  gravity,  1009  to  1015. 
It  contains  no  albumen,  but  large  quantities  of  sodium  chlorid.  It 
often  contains  grape  sugar,  sometimes  succinic  acid,  and  inosit.  Jacob- 
son  found  0.54-0.84  per  cent,  of  sodium  chlorid ;  this  may  be  tested 
for  by  silver  nitrate.  Small  quantities  of  allnimen  may  be  found  after 
the  echinococcus  is  dead,  or  after  rupture  or  puncture.  The  fluid  is 
clear  at  first,  but  becomes  milky  after  the  death  of  the  parasite.  After 
rupture  of  the  cyst  the  walls  fall  together,  calcium  carbonate  and 
phosphate  are  deposited,  as  well  as  cholesterin,  and  suppuration  often 
takes  place.  The  eyeball  may  be  destroyed  by  pressure  or  exposure 
due  to  the  proptosis.  See,  also,  Cysticercus  cellulosse.  Vol.  V,  p.  3661 
of  this  Encyclopedia. 
Echinophthalmia.    (L.)     An  old  name  for  an  inflammation  of  the  edges 

of  the  eyelids  with  bristle-like  appearance  of  the  lashes. 
Echitamin.    An  amoi-phous  alkaloid  obtained  from  tlie  bark  of  AUtonia 
scJiolaris,   the    Devil's   tree.      This   plant   is    a   native   of   India   and 
Polynesia.    It  has  a  paralyzing  power  comparable  to  that  of  curare ; 
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and  is  also  called  Ditain.  The  effects  upon  the  eye  are  practically 
the  same  as  those  induced  by  Curare. 

Echmasis.    An  obstruction  or  an  obstructive  disease. 

Echophotony.  Photism.  The  production  of  color  sensations  by  means 
of  aerial  waves,  or  sound. 

Eclair.     (F.)     A  flash  of  light.    Lightning. 

Eclairage.     (F.  i    Lighting;  illumination. 

Eclairage  inoffensif.     (F.j     Xon-actinic  light. 

Eclampsia.  This  is  an  ancient  (and  now  obsolete)  term  applied  to  a 
sensation  of  light  flashing  before  the  eyes.  In  general  medicine,  it  is 
an  acute  aifection  occurring  without  structural  lesion  of  the  nervous 
system,  characterized  by  general  or  partial  convulsions,  with  more  or 
less  complete  loss  of  consciousness. 

Adam  (Ophthalmology,  p.  629,  July,  1912)  has  observed  in  -H  out  of 
92  cases  of  eclampsia  visual  disturbances,  mostly  due  to  uremic  amau- 
rosis, 4  to  albuminuric  retinitis  or  neuroretinitis.  In  35  cases  the  oph- 
thalmoscopic condition  was  normal,  in  5  there  M'as  sclerosis  of  the 
choroidal  vessels  with  thrombosis  and  extensive  hemorrhages,  in  con- 
cordance with  the  frecjuency  of  thrombosis  in  various  organs  in  eclamp- 
sia. The  autopsy  in  one  case  verified  this  condition  of  the  eye.  In 
all  probability  some  of  the  fundal  alterations  were  due  to  cerebral  or 
other  lesions  of  which  the  eclampsia  was  merely  an  incident. 

Eclectic.  A  medical  i)ractitioner  who  professes  not  to  be  governed  by 
any  general  theory  or  system  of  practice,  but  to  select  from  all  systems 
that  which  most  conforms  to  reason  and  experience.  Every  rational 
therapeutist  is  an  eclectic. 

Eclimeter.  An  instrument  for  approximately  measuring  tbe  vertical 
angles  or  zcnilli  distances  of  objects  on  the  horizon. 

Eclipse  amblyopia.    Eclipse   blindness.     Solar   blindness.     Eclipse 

OPHTHALMIA.       SOLAR    GLARING.       BLINDNESS    PROM    DIRECT    SUNLIGHT. 

Scotoma  helieclipticum.  The  action  of  bright  sunlight,  on  the  ocular 
tissues,  as  seen  in  an  eclipse  of  the  sun  when  the  eye  is  unprotected, 
is  partly  due  to  the  heat  rays,  but  more  especially  to  the  actinic,  or 
chemically  active,  ultra-violet  rays.  In  all  j^robability  the  latter  alone 
affect  the  lens  and  retina,  the  aqueous  humor  acting  the  part  of  a  heat 
screen.  In  eclipse  blindness  there  is  frequently  a  central  positive  or 
negative  scotoma.  With  the  ophthalmoscope  there  is  sometimes  seen  a 
whitish  area  about  the  macula.  This  finally  gives  place  to  pigment 
deposits  with  or  without  a  grey,  central  area. 

Four  cases  of  glaring  consequent  upon  the  eclipse  of  1905  are  de- 
scribed by  JNIenacho  (Archiv.  de  Oftal.  Tlisp.-Am.,  May,  1906).  The 
same  author  previously  described  some  seventeen  cases  seen  after  the 
eclipse  of  1900.     TT(>  attributes  the  diminution  in  the  mnnber  of  cases 
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to  two  circumstances :  the  recent  experience  of  the  public,  the  hygienic 
campaign  by  tlie  newspap(n's  and  the  fact  that  the  sky  was  overcast 
during  the  greater  part  of  the  more  recent  eclipse.  Jn  three  of  the 
observations,  visual  disturbances  were  noticed  immediately  after  the 
eclipse.  These  consisted  in  central  scotomata  of  greater  or  less  extent. 
The  ophthalmoscopic  signs  were  the  following :  a  disc  red  in  one  case, 
in  another  a  slight  pigmentary  ring  on  the  outside  of  the  disc;  the 
rest  had  normal  discs ;  in  one  case,  a  slight  focus  of  choroiditis.  The 
two  first  cases  were  cured  by  the  galvanic  current,  strychnia  and 
smoked  glasses.  In  the  last  the  visual  trouble  disappeared  without 
treatment,  but  there  remained  an  acute  conjunctivitis  occasioned  by  the 
light  of  the  sun.  In  the  fourth  observation  an  intense  chronic  catarrhal 
conjunctivitis  was  noted.  Alumnol  baths  (2  per  cent.)  and  applica- 
tions of  nitrate  of  silver  brought  a  cure  in  two  weeks.  The  writer 
believes,  from  all  the  data  which  he  collected,  that  the  conjunctivitis 
had  a  purely  photochemical  origin. 

jMenacho  compares  the  retinal  phototraumatisms  with  those  produced 
by  the  light  of  a  voltaic  arc  or  of  any  focus  of  intense  light.  He  pre- 
viously published  an  observation  of  the  first,  and  he  now  includes  one 
of  the  second :  central  relative  scotomata  caused  by  being  obliged  to 
look  continually  during  two  days  at  the  reduction  zone  of  an  electric 
furnace.  He  also  relates  another  case  caused  by  looking  for  a  long 
time  at  the  moon  which  shone  with  an  intensely  brilliant  light.  In  this 
case  there  existed  in  the  right  eye  a  large  scotoma ;  left  eye,  notable 
concentric  reduction  for  white,  less  for  colors.  Thus  the  author  proves 
that  any  luminous  focus  may  produce  perturbations  in  the  eye  which 
suffers  its  encounter. 

As  regards  pathogenesis,  he  divides  the  manifestations  into  two 
groups:  one  of  a  purely  functional  nature  caused  by  physico-chemical 
reactions  either  too  intense  or  too  prolonged ;  and  the  other  organic 
lesions,  due  especially  to  the  action  of  thermic  and  chemical  radiations. 

The  eclipse  of  the  sun  on  April  17,  1912,  injured  many  eyes.  Birch- 
Hirschfeld  {Bericht  der  Oph.  Gesell,  p.  241,  1912)  calculated  that 
there  were  more  than  3,000  cases  treated  in  Germany,  of  whom  perhaps 
10  per  cent,  received  serious  or  permanent  injury.  The  four  points  of 
interest  in  these  cases  are,  the  ophthalmoscopic  appearances,  the  clin- 
ical symptom  of  a  central  scotoma,  the  anatomical  basis  of  the  lesion, 
and  the  etiology,  vi/.,  to  which  region  of  the  spectrum  the  lesion  is  to 
be  attributed. 

Thirty-four  patients,  with  50  injured  eyes,  were  examined,  most  of 
the  patients  being  in  the  second  and  third  decades  of  life.  Only  four  of 
the  patients  possessed  light-blonde  hair  and  grey-blue  eyes ;  the  others 
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had  dark  hair  and  well  pigmented  eyes.  This  indicates  that  the  pig- 
mentation of  the  epithelium  and  the  uvea  as  connected  with  the  absorp- 
tion of  light  influences  the  intensity  of  the  lesion. 

]\Iost  of  the  cases  occurred  at  a  time  when  the  right  lower  third  of 
the  sun  was  eclipsed,  but  in  no  case  was  it  possible  to  demonstrate 
either  a  scotoma,  or  a  foveal  lesion  of  corresponding  form. 

Almost  in  every  case  the  first  symptom  was  a  moving,  flickering 
cloud  in  the  middle  of  the  field,  which  soon  became  a  circumscribed 
spot,  and  continued  to  move  restlessly  even  after  many  months.  One 
of  the  patients  complained  of  erythropsia,  and  several  of  the  binocular 
cases  of  nyctalopia. 

The  cases  may  be  divided  into  three  groups.  Twelve  of  the  eyes  had 
normal  acuity  of  vision,  VJ  had  an  acuity  of  from  6/9  to  6/15,  and 
the  19  remaining  eyes  had  an  acuity  of  from  6/18  to  6/60.  Of  the  lat- 
ter group  3  w^ere  cured,  10  improved,  and  6  remained  unaltered,  while 
of  the  19  in  the  second  group  11  obtained  normal  acuity  in  some  weeks 
or  months,  6  improved  to  some  extent,  and  2  remained  unaltered.  The 
ophthalmoscopic  appearances  were  examined  repeatedly,  both  with  the 
ordinary  ophthalmoscope  and  GuUstrand's.  In  only  four  cases  was 
the  fundus  normal;  in  all  the  others,  changes  were  to  be  seen  in  the 
macular  region,  often  indeed  very  trifling.  In  one  group  of  cases  the 
form  of  the  foveal  reflex  appeared  enlarged,  indistinct  and  of  irregular 
form,  and  its  neighl)orhood  became  of  a  dark  brown-red  color.  There 
were  19  cases  in  this  group. 

Between  this  indistinctness  of  the  fovea  and  a  circumscribed  grey 
or  yellowish  exudation  all  stages  were  observed.  In  some  cases  the 
diameter  was  onc-fiftli  that  of  the  disc.  The  shape  was  circular,  oval, 
or  half-moon,  though  not  corresponding  to  the  shape  of  the  sun  at  the 
moment  of  blinding.  A  dark-red  macular  exudation  was  observed 
four  times,  but  no  l)right-red  ring  surrounded  it  as  in  the  cases  of 
Deutsclimann  and  others,  and  no  hemorrhage  was  ever  observed. 

On  two  occasions  a  slight  ])i'oiniiieiice  of  the  foveal  exudation  could 
be  perceived  with  the  stei-eosco})ie  attachment  of  GuUstrand's  ophthal- 
moscope. These  visible  lesions  disappeared  completely  in  the  course 
of  some  weeks  in  11  cases,  in  16  other  cases  there  developed  an  irreg- 
uhir  pigmentation  of  tlie  macula  and  minute  irregnlar  punctiform 
sli])ling,  and  these  appearances  remained  without  alteration  for  many 
months. 

As  regards  the  relation  between  ophthalmoscoi)i('  appearances  and 
lesions  of  function  no  direct  eonnection  could  l)e  established.  Out  of 
1.')  eyes  witli  slight  temporary  ophthalmoscopic  changes,  or  none  at  all, 
7  had  considerable  disturbance  of  vision,  4  a  slight  disturbance,  and  4 
none;  while  of  30  eyes  with  prominent  ophthalmoscopic  changes  14 
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had  uo  visual  defect,  7  a  very  moderate  defect,  and  9  a  severe  defect 
in  sight.  From  this  we  may  conclude  that  the  visible  ophthalmoscopic 
changes  are  not  the  essential  causes  of  the  defective  sight. 

Thirty-one  eyes  out  of  50  had  a  central  and  19  a  para-central  pos- 
itive scotoma.  In  all  cases  it  was  absolute  at  the  commencement,  be- 
coming frequently  relative  in  the  course  of  time.  As  in  the  majority 
of  the  cases  the  scotoma  to  be  measured  was  positive,  it  could  be 
charted  by  the  patient  himself.  Its  size  varied,  in  36  eyes  between  % 
degree  and  1  degree,  in  9  eyes  less  than  i/4  degree,  in  5  greater  than  1 
degree.  In  four  cases  the  scotoma  measured  3  degrees.  In  24  cases 
with  a  scotoma  less  than  i/o  degree  the  visual  defect  was  slight,  while 
in  13  eyes  with  a  scotoma  greater  than  1  degree  only  4  had  a  slight 
defect,  and  9  considerable  blindness.  The  shape  of  the  positive  scotoma 
was  circular  in  7  cases,  a  vertical  oval  in  12,  horizontal  oval  in  4,  irreg- 
ular in  10,  and  kidney  shaped  in  3.  The  size  of  the  scotoma  corre- 
sponded approximately  to  that  of  the  sun's  image  in  28  eyes,  but  its 
form  bore  no  relation  to  that  of  the  sun. 

But  the  central  positive  scotoma  does  not  correspond  to  the  whole 
region  affected. 

In  most  of  the  patients  there  was  also  a  relative  central  scotoma  spe- 
cially for  yellow,  and  this  was  accurately  observed  in  20  cases.  It 
varied  in  dimensions  between  1  degree  aud  10  degrees  diameter,  the 
more  recent  the  blindness  the  larger  the  scotoma.  In  days  and  weeks 
it  diminished  in  circumference,  while  the  central  positive  scotoma  re- 
mained unaltered.  The  author  believes  that  this  central  relative  sco- 
toma is  of  prognostic  value,  as  the  more  rapidly  it  diminishes  in  size 
the  more  favorable  the  prognosis. 

As  regards  the  anatomical  basis  of  this  blindness  experiments  have 
convinced  A.  Jess  that  intense  light  produces  more  severe  changes 
in  the  eyes  of  well-pigmented  rabbits  than  in  albinos.  His  later  experi- 
ments corroborate  his  former  observations  as  well  as  those  of  Czerny, 
Deutschmann  and  Widmark,  in  which  the  anatomical  basis  of  sun 
blindness  was  shown  to  be  a  necrosis  of  the  external  retinal  layers  with 
transudation  from  the  choroid  and  destruction  in  the  pigment  epithel- 
ium. The  inner  retinal  layers  were  only  affected  secondarily.  This 
supports  the  theory  that  the  ultra-violet  rays  have  no  essential  con- 
nection with  this  blindness.  AYhether  it  is  the  heat  rays  or  the  light 
rays  or  both  together  which  cause  the  lesion  is  a  point  which  Birch- 
Hirsehfeld  answers  by  stating  that  the  heat  rays  are  no  more  essential 
than  the  ultra-violet  rays,  and  that  the  light  rays  must  be  regarded  as 
the  noxious  agent.  Of  course  this  does  not  deny  the  possibility  of  a 
burning  of  the  retina  by  light  rays  being  brought  to  focus  upon  it. 


ECLIPSE  AMBLYOPIA  4131 

A  simple  experiment  demonstrates  how  the  lens  can  act  as  a  burning- 
glass,  and  also  the  action  of  the  pigmentary  epithelium. 

A  glass  box  the  size  of  the  eyeball  is  filled  with  water  at  37  degrees 
centigrade,  and  a  lens  of  20  D.  with  an  iris  diaphragm  placed  in 
front  so  that  its  focus  is  at  the  posterior  wall  of  the  box.  If  paraffin 
with  a  melting  point  of  50  degrees  centigrade  be  smeared  on  the 
back  of  the  box,  and  the  axis  of  the  lens  directed  towards  the  mid-day 
sun  it  takes  several  minutes  before  the  paraffin  is  melted  by  tiie  image 
of  the  sun.  If,  however,  a  piece  of  black  paper  is  placed  to  represent 
the  pigment  epithelium  behind  the  paraffin  the  latter  is  melted  in  a 
few  seconds.  If  ferro-sulphate  solution  is  used  instead  of  water,  so  as 
to  exclude  most  of  the  heat  rays,  the  effect  is  hardly  altered.  It  can- 
not be  possible  for  the  tissues  to  endure  such  a  temperature  without 
serious  injury. 

Treatment  for  this  affection  is  practically  useless.  Dionin  and  sub- 
conjunctival injections  may  possibly  have  some  effect,  and  as  regards 
prophylaxis,  a  really  dark  glass  is  the  only  efficient  protection. 

In  the  subsequent  discussion  Jess  presented  some  70  charts  of  visual 
fields  showing  the  ring  scotoma  he  had  described  and  all  stages  in  its 
progress  towards  recovery.  This  relative  scotoma  is  certainly  a  path- 
ological phenomenon,  and  in  its  nature  and  course  resembles  the  par- 
acentral scotoma  described  by  Birch-Hirschfeld  as  caused  by  the 
"Uviol"  lamp.  Jess  is  familiar  with  the  color-blind  area  described  by 
Birch-Hirschfeld. 

Best  has  observed  a  decrease  in  the  adaptation  of  the  retinal  periph- 
ery in  eclipse  blindness,  and  Van  der  Hoeve  concentric  contraction 
of  the  fields  of  vision,  an  observation  made  by  many  others. 

rioppe  has  noticed  a  peculiar  condition  of  the  central  vision,  which 
continued  for  months  in  most  cases,  persisting  even  after  return  of 
normal  vision.  The  highest  acuity  lasts  only  for  a  second  or  two,  a 
mist  then  obscures  the  test  letters  for  two  or  three  seconds,  to  disap- 
pear in  its  turn,  and  so  on.  Abnormally  rapid  fatigue  and  delayed 
recovery  of  function  are  shown  by  this  symptom.  (Review  by  J.  B. 
Story  in  Oph.  Review,  May,  1913.) 

Several  of  the  observers  who  took  part  in  the  discussion  of  the  fore- 
going report  have  published  independent  papers  on  the  subject,  several 
of  which  are  here  abstracted.  Hoppe  {Muench.  mod.  Wocli.,  1912,  No. 
45)  reported  seven  cases  in  which  more  or  less  serious  ocular  injury 
occurred  because  of  prolonged  observation  of  the  recent  solar  eclipse; 
in  a  few,  in  spite  of  protective  measures.  All  were  blondes,  witli  light 
colored  irides.  In  five  cases  both  eyes  were  affected.  In  one  there 
was  conjunctival  injection  with  lachrymation. 
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The  fundus  changes  confinetl  themselves  to  the  maeular  region,  con- 
sisting of  a  circular  or  vertical,  oval,  yellowisli-oraiigc!  disi;  surrounded 
by  a  darker,  red-l)fo\vii  /one.  Sciiilillalioii  of  the  disc  was  rather  fre- 
quently observed. 

l^'our  patients  exhibited  a  positive  absolute  scotoma,  two  a  sharply- 
defined,  circular  defect  in  the  lower  right  hand  portion  of  the  sco- 
toma. There  was,  of  course,  impairment  of  central  vision,  also  marked 
retinal  fatigue  enduring  some  weeks.  Foerster's  photometer  revealed 
decreased  sensibility  in  the  central  retina.  Metamorphopsia  within  the 
scotoma  occurred  in  four  patients.  In  the  region  of  the  scotoma  the 
color  sense  was  entirely  lost,  but  fully  regained  in  two  weeks.  While 
an  ideal  restoration  of  the  retinal  functions  did  not  occur,  useful  vision 
was  regained  in  every  case  within  six  weeks  after  exposure. 

A.  Jess  (Arch.  f.  Augenhcilk.,  1913,  Ixxiv,  p.  78)  examined  36 
patients  who  complained  of  glaring  after  observing  the  eclipse  of  1912. 
In  15  both  eyes  were  affected ;  in  21  only  one  eye ;  altogether  51  eyes. 
Since  disturbances  of  the  center  of  the  fundus  corresponded  in  most 
essentials  with  those  reported  by  numerous  other  observers,  Jess  does 
not  enter  into  them.  In  one  case  vision  was  reduced  to  1/60,  and 
in  the  fovea  an  unusually  large  red  central  focus  was  found  sur- 
rounded by  a  disciform,  reddish-grey  area  but  no  swelling.  The 
visual  field  showed,  besides  the  central  scotoma,  a  complete  obscura- 
tion of  the  white  square  and  total  color-blindness,  from  the  fortieth,  to 
the  twentieth  degree.  In  the  corresponding  area  of  the  retina,  which 
lies  from  6  to  12  mm.  from  the  fovea,  no  pathologic  changes  could 
be  ascertained.  The  patient  was  admitted  to  the  clinic  and  given 
iodide  of  potash.  Vision  improved  rapidly  and  after  three  weeks  was 
normal.  A  small,  oval,  well-defined  focus  could  still  be  found,  and 
the  patient  complained  of  a  small  central  nebula,  which  at  times  was 
very  disturbing,  but  the  peripheral  scotoma  had  entirely  disappeared. 
After  the  discovery  of  this  very  marked  ring-scotoma  all  other  cases 
were  carefully  examined  with  regard  to  it,  and  in  26  patients  a  total, 
or  partial,  ring-scotoma  was  found.  In  most  cases  it  was  total  and,  if 
partial,  it  was  located  in  the  lower  half  of  the  visual  field.  It  always 
was  temporary  and  only  in  six  cases  lasted  long.  It  consisted  not  only 
in  a  disturbance  of  the  color  perception,  but  was  relative  for  white 
and  in  a  few  severe  cases  absolute  for  colors.  It  cannot  very  well  be 
attributed  to  the  direct  influence  of  the  rays  of  light,  but  was  probably 
caused  by  a  disturbance  in  the  blood  supply  accompanying  the  foveal 
lesion.  That  the  visual  disturbance  was  noticeable  in  a  ring-shaped 
zone  may  be  explained  by  the  lesser  resistance  of  the  retinal  elements 
in  these  parts,  which  corresponds  wath  their  hypesthesia  to  colors,  as 
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found  by  Birch-Hirschiold.  Also  the  view  is  very  plausible  that  dis- 
turbances of  circulation  may  verj'  easily  damage  the  ring-shaped  zone 
of  the  choroid,  which  is  almost  free  of  arterial  anastomoses. 

Boehm  {Klin.  Monatshl.  f.  AugenlicUk.,  April,  1913)  gives  a  com- 
plete statistical  synopsis  of  the  ocular  lesions  from  sun-glare  during 
the  eclipse  of  April,  1912,  reported  in  the  provinces  of  Silesia  and 
Posen,  and  of  those  collected  by  Axenfeld,  with  consideration  in  detail 
of  26  eases  observed  at  the  clinic  of  Uhthotf  and  26  at  the  clinic  of 
Axenfeld,  altogether  412  cases.  The  ophthalmoscopic  changes  were 
chiefly  limited  to  the  macular  region.  Boehm  emphasizes  the  fact  that 
changes  of  the  macula  are,  in  general,  difficult  to  interpret,  because 
slight  pathologic  alterations  are  frequently  difficult  to  distinguish  from 
normal  variations.  With  regard  to  the  view  of  some  authors  that  the 
crescentic  foveal  foci  of  the  macula  are  direct  optograms  of  the  sun, 
he  quotes  the  statement  of  Uhthoff,  that  it  is  utterly  impossible  that 
the  glaring  and  directly  damaging  action  of  the  sun  can  be  expressed 
in  so  well-defined  a  figure.  The  changes  are,  according  to  most  authors, 
due  to  exudation,  circumscribed  hyperemia  of  the  choroid,  changes  of 
the  pigment  epithelium,  greater  pigmentation  of  the  macula,  and  de- 
struction of  the  sensory  epithelium. 

The  prognosis  of  the  macular  changes  is  relatively  favorable,  as 
they  may  partly  or  completely  subside.  In  some  cases  conjunctivitis 
was  observed.  The  clinical  symptoms  consisted  in  burning  and  sting- 
ing sensations  in  the  eye,  headache,  flickering  and  impairment  of 
vision.  The  central  scotomas  were  mostly  positive,  sometimes  negative ; 
their  form  showed  no  relation  to  the  shape  of  the  disc  of  the  sun,  at 
the  moment  of  glaring. 

The  small  central  scotoma  is  one  of  the  most  characteristic  phenom- 
ena of  glaring  by  the  sun.     Altiiough  especial  attention  was  paid  to 
the  detection  of  ring  scotoma,  lioehiii  could  iinl   lind  it   in  any  of  his- 
eases. 

In  general,  the  central  I'ctiiiitis  tci-ininatcs  favoi-ably.  The  positive 
scotoma  became  smaller,  the  d.irk  spot  lightci'  and  its  borders  more 
indistinct.  Fifty -three  cases  healed  completely;  in  the  remaining  cases 
the  disturbances  diminished,  but  did  not  entirely  su))side.  A  few  eyes 
were  severely  and  pei'inaiieiitl.N-  injured.  The  refraction  seemed  to 
have  some  influence  on  the  occurrence  of  the  ri'tinitis.  Most  patients 
were  emmetropic  or  sliglitly  hypermetropic.  Metamorphopsia  was 
observed  in  some  cases.  According  to  Aubaref,  micropsia  or  macropsia 
occurs  if  tlie  ner\'Ous  elements  of  the  retina  at  the  macular  region 
undergo  an  irregular  displacement,  metamorphopsia,  if  they  undergo 
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a  regular  displaeeiueiit.  lu  one  ease  a  uniform  diminution  of  the  color 
sense  was  noted. 

Kaz  {Woch.  f.  Thcr.  u.  Hyg.  des  Aiiges,  Dec.  5,  1912)  reported  a 
ease  of  transient  paresis  of  the  sphincter  iridis,  one  of  partial  cataract, 
and  a  case  of  kerato-conjunetivitis  following  observation  of  an  eclipse 
of  the  sun.  The  first  case  occurred  in  a  hypermetrope,  and  he  thinks 
prolonged  ciliary  spasm  responsible  for  the  paresis. 

A  moderate  astigmatic  error  was  present  in  the  second  case.  In 
neither  case  were  fundus  changes  observed.  He  refers  to  Lasarew's 
cases,  in  which  macular  hole  formation  occurred  only  in  emmetropic 
eyes,  and  to  the  possible  influence  of  refraction  upon  the  intensity  of 
the  macular  lesion,  as  suggested  by  Tschemolossow.  Perhaps  the  ame- 
trope  is  more  liable  to  injuries  of  the  anterior  segment  because  of 
decreased  macular  irritation  which  encourages  prolonged  exposure.  It 
was  impossible  to  determine  the  refraction  in  the  third  case  on  account 
of  corneal  opacities. 

Valois  and  Lemoine  (Revue  Generale  d'Ophtal.,  September,  1912) 
reported  their  findings  in  eighteen  cases  of  young  people  who  observed 
the  eclipse  of  April  17,  1912,  without  using  protective  glasses.  De- 
pending upon  the  length  of  time  exposed  to  the  light,  and  whether  one 
or  both  eyes  were  used,  the  symptoms  varied  considerably  in  degree, 
but  were  fairly  constant  in  quality.  Victims  complained  first  of  daz- 
zling, then  of  a  fixed  spot  which  concealed  objects  in  the  center  of  sight ; 
whence  some  patients  turn  their  heads  to  increase  sight.  The  central 
scotomata  have  sharp  edges  and  variable  color,  some  black,  green,  red, 
or  with  variegated  edges  and  points.  Most  often  the  spot  is  yellow 
and  gives  the  symptom  of  xanthopsia.  Next  to  the  scotoma  the  ambly- 
opia is  second  in  frequency.  This  is  variable  in  degree,  but  vision  is 
always  diminished,  and  even  if  normal,  fatigue  shows  itself  so  rapidly 
as  to  produce  a  decided  asthenopia.  At  first  the  pupil  shows  a  miosis 
which  rapidly  changes  to  dilation,  resulting  in  a  mydriasis  with  dimin- 
ished light  reflex. 

The  fundus  is  usually  normal.  Occasionally  hyperemia  of  the  disc 
or  a  woolly  veiled  appearance  of  retina  is  seen.  None  of  the  eighteen 
cases  had  hemorrhages.  Resolution  was  rapid,  scotomata  disappearing 
after  a  fortnight,  in  one  case  after  a  month ;  the  amblyopia  was  a  little 
slower  in  leaving. 

Preventive  treatment.  Majewski  (Rocznik  Leharski,  Vol.  2,  p.  3, 
1912)  thinks  that  the  public  should  be  warned  before  each  eclipse 
of  the  danger  one  risks  in  looking  at  the  sun  with  the  naked  or  in- 
sufficiently protected  eye.  The  danger  is  not  confined  to  total 
eclipses;  a  partial  eclipse  being  no  less  dangerous,  because  it  attracts 
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less  attention  and  the  observers  are  more  bold.  Inasmuch  as 
each  ecliptic  period  completes  its  revolution  iu  eighteen  years,  it  in- 
cludes forty-one  eclipses,  of  which  at  least  one  is  visible  every  two 
years  at  the  same  point  on  the  globe.  Therefore  the  dangerous  periods 
(we  might  even  call  them  epidemics)  recur  every  two  years.  The 
author  believes  that  on  the  approach  of  each  solar  eclipse  the  duty  of 
the  proper  authorities  would  consist  in  giving  timely  warning  by  every 
possible  means  of  publicity,  such  as  street  notices,  newspapers,  schools, 
etc.,  how  by  simple  means  one  may  satisfy  his  curiosity  without  dam- 
age to  his  vision.  By  this  simple  preventative  measure  thousands  of 
people  may  be  spared  permanent  and  irreparable  damage  to  their 
eyes.     (Translation  from  Op^halmology,  Oct.,  1913.) 

Treatment  consists  in  the  dark-room  cure  and  rest  of  the  eyes.  If 
the  symptoms  persist,  blood  letting  from  the  temples  or  mastoid  is 
employed ;  with  mustard  foot-baths  and  energetic  purgation ;  also 
instillation  of  pilocarpin  to  reduce  the  size  of  the  pupil ;  after  sub- 
sidence of  the  congestion,  if  vision  is  still  poor,  strychnia  hypoder- 
matically.  If  a  complete  cure  has  not  taken  place  in  four  or  five 
months,  potassium  iodid  is  the  only  thing  that  will  help. 

Ecmetropia.    An  obsolete  name  for  ametropia. 

Ecole.     (F.)     School. 

Economics,  Visual.  Both  lay  and  professional  opinions  on  this  subject 
are  uiidergoing  considerable  changes  (probably  from  a  wide-spread 
interest  in  and  discussion  of  the  subject)  and  decided  alterations  in 
the  conclusions  reached  thereby  will  shortly  be  reflected  in  the  litera- 
ture. For  this  reason  it  has  been  deemed  best  to  postpone  a  review 
of  the  subject  until  the  rubric  Visual  economics  is  reached,  in  a  later 
volume  of  this  Encyclopedia.  In  the  meantime  the  reader  is  referred 
to  the  exhaustive  works  on  this  subject  by  E.  E.  Holt  (who  will  con- 
tribute the  section  to  this  Encyclopedia),  H.  Magnus  and  H.  V.  Wiir- 
demann.  The  original  work  of  Magnus  has  been  translated  by 
Wiirdemann  and,  in  collaboration  with  him,  published  in  this  country 
under  the  title  Visual  Economics,  Seattle,  Wash.,  1002. 

A  summary  of  the  conclusions  of  tliese  writers,  as  well  as  original 
observations  touching  this  mattei-,  will  also  be  found  under  the 
major  heading.  Legal  relations  of  ophthalmology  by  Thomas  Hall 
Sliastid,  and  by  tlie  same  autiior  on  p.  110,  Vol.  F,  of  Wood's  System 
of  Ophthalmic  Operations. 

Ecpeplegmenos.  fL.)  Said  of  patients  that  remain  quiet  with  tlie 
(■\'(s  opi'ii.  licit  iicr  saying  nor  doing  anything. 

Ecran  d'eclairage.     (F.)     Reflector. 

Ecran  mobile.     (F.)     Movable  screen. 
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Ecriture  batarde.     (F.)     Sloping  or  slanting  writing. 

Ecriture  droite.     (F.)     Upright  or  perpendicular  writing, 

Ecriture  penchee.     (F.)     Sloping  or  inclined  writing  or  penmanship. 

Ectasia.  Ectasis.  Ectasy.  Ectasion.  Abnormal  distension  or  dila- 
tation of  a  part  or  organ. 

Ectasia  bulbi.  (G.)  Protrusion  or  bulging  of  some  portion  of  the 
eyeball. 

Ectasia  corneae.  Corneal  ectasia.  Kerectasia.  Various  forms  of 
protrusion  of  the  cornea  are  fully  considered  on  page  3359,  Vol.  V,  of 
this  JSncijdopcdiii  under  the  heading  Cornea,  Ectasia  of  the. 

Ectasia  sacci  lacrimalis.  (L.)  Distension  of  the  lachrymal  sac.  See 
Dacryocystitis,  in  Vol.  V,  p.  3709,  of  this  Encyclopedia. 

Ectasia,  Scleral.      Sci>eral  staphyloma.     This  form  of  bulging  of  the 


Intercalary  Staphyloma   (Parsons). 


eye-coats  may  be  classified  as  anterior,  posterior,  and  equatorial.  An- 
terior scleral  and  equatorial  staphylomata  appear  as  bluish-black  or 
grayish  projections.  Their  color  is  due  to  the  thinned  sclera  permit- 
ting the  dark  choroid  to  appear.  In  anterior  ectasiae  the  limbus  of 
the  cornea  forms  the  anterior  border  of  the  projection ;  in  some  cases 
both  cornea  and  sclera  participate  in  the  bulging.  Anatomic  exami- 
nation of  enucleated  eyes  shows  two  forms  of  anterior  scleral  ectasiiE, 
the  ciliary  and  the  intercalary.  The  former  shows  a  bulging  of  that 
part  of  the  sclera  which  is  lined  by  the  ciliary  body,  while  the  lat- 
ter is  a  protrusion  between  the  ciliary  body  and  the  corneal  margin. 


ECTASIA,  SCLERAL 


4137 


Equatorial  eetasife  can  be  seen  only  when  the  eye  is  turned  strongly 
to  the  side  opposite  the  projection.  Ectasife  occur  at  one  or  more 
places,  where  the  vena?  vorticose  pass  from  the  globe,  but  are  said  not 
to  form  a  ring  such  as  sometimes  occurs  in  anterior  staphyloma.  They 
are  the  result  of  chronic  choroidoscleritis.  On  microscopic  examina- 
tion the  choroid  and  sclera  are  found  atrophic  and  adherent. 

The  posterior  ectasia  involve  the  posterior  segment  of  the  globe. 
They  cannot  be  seen  except  the  eye  be  removed  or  the  ophthalmoscope 


* 


■%* 


Cirsoid  Ciliary  Staiiliyloiiia    (Hall:    Vossius). 


be  used.  These  posterior  projections  are  divided  into  (1)  the  posterior 
staphyloma  of  Scarpa  and  (2)  the  posterior  staphyloma  of  von  Am- 
nion. The  former  is  a  protrusion  situated  at  the  temporal  side  of  the 
optic  nerve  entrance.  If  Uirge,  it  involves  the  nerve  itself.  Arlt  dis- 
covered that  this  form  of  ectasia  is  frecjueiitly  the  cause  of  myopia 
(axial  myopia).  The  antero-posterior  diameter  of  the  globe  is  elon- 
gated, and  the  fundus  shows  a  white  crescentic  patch  embracing  the 
temporal  side  of  the  disc.  The  posterior  scleral  protrusion  of  von 
Ammon  lies  below  the  posterior  pole,  and  is  a  congenital  condition 
which  arises  from  incomplete  closui-e  of  the  fetal  eye-cleft.  At  the 
present  day  il  is  best  known  h\-  the  name  infei'ior  conus.  Often  in 
such  cases  there  is  an  acconi|ianyin^-  eoloboma  of  the  clhu'oid  an<l  ii-is. 
Tlie  conditions  described  above  are  j>ai'tial  ectasia'. 

While  in  the  adult  tlie  sclera  is  rigid,  and  gives  way  only  in  certain 
weak  places,  in  the  young  subject  the  eyeball  can  be  enlarged  in  every 
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direction.  Such  an  ectasia  of  the  sclera  is  often  accompanied  by  an 
enhirgement  of  the  whole  cornea  (megalocornea)  or  by  a  corneal 
staphyloma  and  is  known  as  total  ectasia  of  the  sclera. 

The  causes  of  scleral  ectasia  include  those  factors  which  either  di- 
minish the  resistance  of  this  coat  or  increase  intra-ocular  pressure. 
Thus,  glaucoma  and  exclusion  of  the  pupil  by  iritis  belong  to  the  lat- 
ter class,  while  diminished  resistance  of  the  sclera  follows  scleritis, 
tumors,  gunnnata,  tubercular  nodules,  injuries,  and  the  congenital 
condition  mentioned  above. 

The  results  of  scleral  ectasia  are  loss  of  vision  from  increase  of  ten- 
sion, great  disfigurement  in  the  anterior  and  eciuatorial  forms,  and 
constant  irritation  from  exposure  of  the  protruding  mass  after  it 
reaches  such  dimensions  that  the  lids  cannot  cover  it.  The  posterior 
protrusion  in  staphjdoma  often  leads  to  great  increase  in  the  near- 
sight  without  producing  increased  tension.  Vision  is  often  much  re- 
duced in  these  cases.  The  ectasia  of  von  Amnion  remains  stationary, 
and,  since  it  is  situated  below  the  macular  region,  it  does  not  impair 
vision. 

Anterior  and  equatorial  ectasiae  of  the  sclera  should  be  treated  by 
iridectomy,  for  the  purpose  of  reducing  tension.  If  this  is  accom- 
plished, the  process  stops.  If  iridectomy  cannot  be  performed,  the 
eye  is  to  be  left  to  its  fate,  and  ultimately  an  enucleation  will  often 
become  necessary. —  (J.  M.  B.) 

Ectasion.     Distension.     A  synonym  of  ectasia. 

Ectasis  equatorialis  corporis  ciliaris.  (L.)  Equatorial  staphyloma  of 
the  ciliary  body. 

Ectasis  annularis.  (L.)  Annular  staphyloma,  usually  confined  to  the 
ciliary  region. 

Ectasis  corneae.     (L.)     Staphyloma  corne^e. 

Ectasis  intercalaris.  (L.)  Staphyloma  of  the  cornea  at  the  limbus  or 
sclero-corneal  margin. 

Ectasis  iridis.  (L.)  An  expansion  of  the  iris  caused  by  a  relaxation 
of  the  dilator  fibres  and  a  contraction  of  the  sphincter,  causing  a 
contracted  pupil. 

Ectasis  postica.     (L.)     Posterior  staphyloma. 

Ectasis  scleras.     (L.)     Staphyloma  sclera. 

Ectillotic.    An  agent  capable  of  removing  hairs ;  a  depilatory. 

Ectiris.  (Obs.)  That  part  of  Descemet's  membrane  that  lies  in  front 
of  the  iris. 

Ectochoroidea.    The  outer  layer  of  the  choroid. 

Ectocornea.    A  name  for  the  external  epithelium  of  the  cornea. 

Ectoderm.     Epiblast.    The  primitive  outer  wall  of  the  body;  the  ani- 
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mal  germinal  layer.  From  it  are  derived  many  of  the  ocular  struc- 
tures. See  Development  of  the  eye ;  also,  Vol.  5,  p.  3862  of  this  Ency- 
clopedia. 

Ectofrontal  fold.  A  term  employed  by  Owen,  to  indicate  a  rather  ill- 
defined  region  between  the  ectofrontal  fissure  and  the  orbital  fissure. 

Ectog"enous.  Developed  from  the  outside ;  generally  referring  to  patho- 
genic bacteria  and  toxines. 

Ectoparasite.  In  biology,  a  parasite  that  lives  on  the  exterior  of  its 
host. 

Ectophthalmus.     (L.)     Having  eyes  outside  of  the  head. 

Ectopia.  (L.)  A  morbid  or  developmental  anomaly  of  situation 
of  an  organ. 

Ectopia  bulbi.  Ectopia  oculi.  (L.)  A  condition  of  arrested  develop- 
ment in  which  there  is  no  brain,  and  in  which  the  vault  of  the  skull 
is  almost  entirely  wanting,  the  frontal  bones  and  orbits  are  stunted, 
and  the  greater  part  of  the  eyeball  projects  uncovered.     (Foster.) 

Ectopia  della  lente.     (It.)     Dislocation  of  the  lens. 

Ectopia  lentis.  Dislocation  of  the  crystalline  lens  from  the  lenticular 
fossa,  from  rupture  or  lack  of  development  of  the  suspensory  liga- 
ment. It  may  be  congenital  or  acquired.  See  Lens,  Dislocation 
of  the. 

Ectopia  oculi.     Abnormal  position  of  the  ej^eball  in  the  orbit. 

Ectopia  pupillae.  Corectopia.  Displacement  of  the  pupil.  That 
condition  in  which  the  pupil  occupies  a  decidedly  eccentric  position. 
This  anomaly  may  be  either  congenital  or  acquired — in  the  latter  in- 
stance the  result  of  operative  measures  or  of  accidental  traumatism. 
Risley  and  Weisenburg  (Ophth.  Rcc,  p.  240)  report  the  presence  of 
ectopia  pupillffi  in  a  child  witli  hydrocephalus.  The  right  pupil  was 
displaced  up  and  in.  When  first  observed  it  was  intermittent;  since, 
at  a  second  observation,  it  was  found  quite  normally  situated  and  the 
pupil  of  tlie  fellow  eye  displaced.  The  pupils  responded  to  light  but 
dilated  again  even  while  exposed  to  strong  light.  There  was  consecu- 
tive atrophy  of  the  optic  nerves.  Weisenburg  considers  that  there 
was  a  dilatation  of  the  third  ventricle  and  that  thci-cfore  the  dilata- 
tion of  the  pupil  was  of  central  origin.  See  Corectopia;  as  well  as 
Congenital  anomalies  of  the  eye,  in  Vol.  IV,  p.  2776,  of  this  En- 
cyclopfdia;  also,  Injuries  of  the  eye. 

Ectopia  tarsi.  (L.)  A  peculiar  form  of  congenital  defect  of  the  lid, 
described  by  Blasins  and  Fleischmann,  in  which  this  form  of  ectopia  is 
caused  by  a  separation  of  the  tarsus  from  the  rest  of  the  lid,  and  a 
second  lid  is  developed  between  the  latter  and  the  eye])all.      (Foster.) 

Ectopion.      (L.)     A  synonym  of  ectopia. 

Vul.  VI-   10 
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Ectopisis.      (L.)      An  ol)solet(i  teriu  for  ectopia. 

Ectopismus.     (L.)      (Obs.)     Synonym  of  ectopia. 

Ectopium.      (L.)     A  synonym  of  ectopia. 

Ectopy.     An  abnormality  of  position.    Ectopia. 

Ectorbital.  Situated  upon  or  connected  with  the  external  (temporal) 
l)()rtion  of  the  orbits. 

Ectoretina.     The  external  or  pigmentary  layer  of  the  retina. 

Ectosquelette.  (F.)  Exoskeleton.  The  external  covering-skin,  cara- 
pace or  scaly  coat  of  an  animal. 

Ectothalamus.    (L.)   The  outer,  medullary  lamina  of  the  optic  thalamus. 

Ectozoon.    An  external  animal  parasite ;  an  ectoparasite. 

Ectrogeny.  A  term  employed  by  Serres  to  describe  a  malformation 
consisting  in  a  lack  or  defective  development  of  a  part. 

Ectropion.  Ectropium.  Ectropion  in  general.  A  condition  in 
which  there  is  eversion  of  an  eyelid,  which  generally  exposes  the  con- 
junctiva. 

Ectropion  may  be  partial  or  complete.  Czermak  has  classified  it 
as  follows:  1.  Ectropion  from  traction  on  the  anterior  part  of  the 
lid:  (a)  cicatricial  ectropion,  and  (b)  ectropion  from  division  of  the 
lid  by  a  wound  vertical  or  oblique  to  the  musculature  (the  so-called 
wound-coloboma).     2.  Ectropion  from  relaxation  of  the  lid-margin: 

(a)  in  paralysis  of  the  orbicularis  muscle   (paralytic  ectropion),  and 

(b)  in  relaxation  of  the  tissues  and  loss  of  the  muscle-tone  of  the 
palpebral  portion  of  the  orbicularis  (the  ectropion  of  chronic  con- 
junctivitis, chronic  inflammation  of  the  lid-margins,  and  of  senility). 
3.  Ectropion  from  malposition  of  the  tissues  in  consequence  of 
pressure  on  the  lid-margin  from  behind,  or  from  backward  traction 
on  the  convex  tarsal  surface:  (a)  spastic  ectropion,  (b)  in  ectasias  or 
tumors  of  the  anterior  part  of  the  globe  with  exophthalmos,  (c)  from 
pressure  on  the  lower  lid  by  conjunctival  and  tarsal  tumors,  (d)  from 
traction  of  tumors  on  the  peripheral  part  of  the  tarsus  or  on  the  con- 
junctiva.    These  are  cases  of  mechanical  ectropion. 

The  symptoms  of  ectropion  are  the  turning  out  of  the  lid,  epiphora, 
and  thickening  of  the  conjunctiva.  The  skin  of  the  cheek  is  eczema- 
tous.  If  the  ectropion  is  slight,  it  causes  so  little  discomfort  that  many 
persons  do  not  seek  relief.  If  the  eversion  is  great,  corneal  compli- 
cations are  likely. —  (J.  M.  B.) 

Spastic  ectropion,  also  known  as  muscular  or  acute  ectropion, 
usually  affects  only  the  lower  lid.  This  is  perhaps  due  to  the  com- 
parative narrowness  of  the  cartilage  and  to  the  absence  of  such  a  cor- 
recting influence  to  eversion  as  the  overhanging  supraorbital  ridge 
furnishes  to  the  upper  lid. 
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This  form  of  ectropion  is  caused  by  the  contraction  of  the  orbicu- 
laris, opposed  by  a  globe  surface  farther  forward  than  its  normal  po- 
sition. The  lower  lid  is  thus  pulled  up  and  back  by  the  action  of  the 
muscle,  which  has  the  effect  of  pushing  the  free  edge  down  and  out 
by  the  resistance  oifered  by  the  protruding  eye-ball.  As  a  result  the 
action  of  the  marginal  fibres  is  overcome  and  eversion  results.  Once 
established  the  condition  is  perpetuated  by  the  action  of  these  same 
fibres,  and  by  the  swelling  of  the  palpebral  conjunctiva  which  results 
from  exposure  to  the  air  and  from  congestion  due  to  interference  with 
the  circulation.  When  both  lids  are  affected  and  the  condition  be- 
comes extreme  it  is  called  blepharo-paraphymosis. 

The  commoner  causes  are  chemosis  of  the  conjunctiva,  and  pro- 
trusion of  the  globe  from  orbital  cellulitis. 

The  treatment  of  almost  every  form  of  ectropion  is  surgical  and, 
generally,  operative. 

For  the  correction  of  spastic  ectropion  the  most  essential  thing  is 
to  remove  the  cause,  if  possible,  and  to  restore  to  position  and  mechan- 
ically support  the  lids  until  the  acute  trouble  has  subsided.  If  the  ex- 
citing agent  be  a  pronounced  chemosis  the  conjunctiva  may  be  freely 
incised  to  promote  its  reduction.  If  it  be  a  conjunctivitis  it  should  be 
treated  according  to  the  indications.  Whatever  the  cause  proper  meas- 
ures should  be  taken  to  correct  it  and  the  lids  restored  to  position 
and  held  there  by  strips  of  adhesive  plaster,  by  bandaging  or  other 
means.  If  the  cramp  in  the  muscle  has  produced  an  eversion  which 
will  not  remain  reduced,  a  canthotomy,  comliiiuHl  with  free  severing 
of  the  external  canthal  ligament,  is  indicated. 

A  complete  and  illustrated  account  of  the  various  operative  pro- 
cedures employed  from  the  earliest  times  to  correct  and  cure  this 
serious  condition  is  furnislied  under  Blepharoplasty,  beginning  Avith 
page  1059,  A^ol.  11  of  this  Encijdopcdia.  A  few  additional  observa- 
tions are  the  following: 

X.  II.  Goodnow  {OpJifItabiudof/!f,  April,  1913)  reports  the  case  of 
a  man,  aged  47,  whose  upper  lid  was  destroyed  by  a  caustic  paste. 
Two  operations  with  Thiersch  grafts  failed  to  relieve  the  condition. 
A  Wolfe  graft  from  the  arm  41/2>^1^1:  inches  in  si/e  was  then  trans- 
planted to  the  freshened  afe;i  left  by  fi'eely  dissecting  loose  the  lid, 
with  excellent  results. 

A  new  pi"ineip|r  in  eet  r()|)i()n  opeivit  ions,  introduced  by  A.  E. 
Davis  (Jour.  Am.  Mid.  Assocn.,  Nov.  bS,  1!)11)  (Mnisists  in  shorten- 
ing the  tarsns  at  the  temporal  exti'emity.  and  then  attaching  this  ex- 
tremity to  the  periosteum  of  the  temporal  border  of  the  orlnt,  on  a 
level  slightly  a))ove  the  lid  commissure  if  the  lower  lid  is  affected,  and 
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below  the  commissure  if  tlie  upper  lid  is  in  fault.  The  operation  is 
performed  as  follows  in  atonic  ectropion : 

1.  A  eantliotomy  is  performed  extending  to  and  slightly  beyond 
the  orbital  margin,  exposing  the  periosteum.  2.  The  edge  of  the  lid 
including  the  cilia  is  pared  off  to  a  slightly  greater  extent  than  the 
piece  of  tarsus  to  be  removed.  3.  The  skin  and  orbicular  muscle  are 
separated  from  the  external  canthal  ligament  and  the  outer  end  of 
the  tarsus.  4.  A  triangular  piece  of  the  tarsus,  more  or  less  ex- 
tensive according  to  the  extent  of  the  ectropion  and  lengthening  of 
the  lid  border,  is  excised.  In  case  of  redundancy  of  the  skin,  a  triangu- 
lar piece  of  skin  equal  to  that  of  the  removed  tarsus  is  removed.  5. 
A  No.  6  silk  suture  is  placed  through  the  outer  extremity  of  the 
shortened  tarsus  near  the  margin,  the  needle  being  passed  from  with- 
out inward;  then  the  needle  is  carried  through  the  periosteum  of  the 
rim  of  the  orbit  (slightly  above  the  commissure  if  the  lower  lid  is 
being  operated  on,  and  slightly  below  if  the  upper  lid  is  being  cor- 
rected) ;  the  needle  is  brought  out  and  continued  through  the  skin 
from  the  under  surface  outward.  The  suture  is  tied  in  a  single  knot. 
If  enough  tarsus  has  not  been  removed  to  correct  the  deformity,  the 
suture  is  loosened,  a  little  more  of  the  tarsus  excised,  and  the  anchor- 
ing suture  reapplied  as  before.     See  the  cuts. 

The  skin  wound  is  closed  with  fine  silk  sutures.  A  dry  gauze  dress- 
ing is  put  on  and  a  bandage  applied.  The  skin  sutures  should  be 
removed  on  the  third  or  fourth  day,  while  the  anchoring  suture,  which 
can  be  reached  on  the  skin  surface,  where  it  is  brought  out  on  purpose, 
should  not  be  removed  until  the  seventh  day. 

In  cases  of  excessive  atonic  ectropion  and  in  many  cases  of  cicatri- 
cal ectropion,  instead  of  a  piece  of  skin  being  cut  from  the  lid  itself, 
a  triangular  piece  may  be  removed  beyond  the  external  canthus,  as  in 
the  Dieffenbach-Szymanowski  operation.  Then  the  undermined  skin 
from  the  lid  is  slid  over  and  sewed  in  position,  just  as  in  that  opera- 
tion. It  supports  the  cartilage  which  has  been  anchored  to  the  peri- 
osteum, and  the  combined  operation  is  very  effective  and  is  advised  in 
marked  cases  of  ectropion. 

This  principle  of  anchoring  the  tarsus  to  the  periosteum  applies  in 
many  cases  of  cicatricial  ectropion,  in  fact  in  most  of  the  cases  in 
which  the  tarsus  itself  has  not  been  destroyed.  Even  when  the  skin 
must  be  replaced  by  a  flap  or  a  skin  graft,  if  the  tarsus  is  first  freed 
and  the  outer  extremity  anchored  to  the  periosteum  of  the  rim  of  the 
orbit,  the  result,  as  a  rule,  is  satisfactory. 

Warschawski  (Klin.  M.  f.  Augcnh.,  October,  1911,  p.  490)  highly 
recommends  Straub's  modification  of  Kuhnt's  operation  of  extirpa- 
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tion  of  the  tarsus  for  traclioiiuitous  ectropion.  He  has  performed 
the  same  in  136  cases  with  satisfactory  results.  The  modification  con- 
sists in  taking  up  the  conjunctivji  after  exsection  of  the  cartilag-e,  by 
three  double  sutures,  passing  the  six  needles  between  the  remaining 
edge  of  the  tarsus  and  the  skin  of  the  lid  and  so  carried  through  the 
skin  that  the  threads  appear  between  the  cilia.  The  ends  are  then 
united  in  pairs,  in  doing  which  care  must  be  taken  that  the  lid  mar- 
gin turns  outward. 

For  spasmodic  ectropion  Piccaluga  (Ann.  di  Ott.,  xl,  p.  97,  1912) 
advises  for  the  lower  lid  a  modification  of  his  proposal  for  the  upper 
lid.  Two  incisions  are  made  through  the  skin  of  the  lower  lid,  paral- 
lel with  the  ciliary  margin.  The  skin  above  the  upper  incision  and 
that  below  the  lower  incision  are  slightly  undermined,  and  these  two 
skin  margins  are  brought  together  by  sutures,  burying  the  inter- 
mediate strip  of  skin.  It  is  claimed  that  retention  of  this  buried  strip 
makes  useful  pressure  on  the  tarsal  plate. 

In  a  case  of  marked  double  ectropion,  the  result  of  a  nitric  acid  burn, 
Ziegler  {Ophth.  Bee,  xxi,  p.  207,  1912)  had  performed  on  the  right 
eye  a  Davis  plastic  operation  at  the  external  canthus  of  each  lid  and 
an  extensive  Hotz-Thiersch  transplantation  on  the  upper  lid  of  the 
same  eye.  He  found  that  his  galvano-cautery  puncture  of  the  mucous 
surface  of  the  lids  of  the  other  eye  was  sufficient  to  restore  them  to 
their  normal  position. 

In  a  case  of  extreme  cicatrization  of  the  orbit  Cramer  (Ophthalmol- 
ogy,  viii,  p.  96,  1912)  obtained  an  excellent  result  by  restoring  the 
lower  fornix  ])y  Kuhnt's  operation  for  ectropion  from  blepharitis. 

L.  Kugel  (Graefe's  Arch.  f.  Ophth.,  84,  I,  p.  79)  found  that  the 
excision  of  the  whole  posterior  plate  of  the  lid,  according  to  Bouche- 
ron,  leaving  a  small  seam  alorig  the  inner  ciliary  border,  gave  more 
certain  results  and  in  general  a  much  better  adaptation  of  the  lid  to 
"the  eyeball  than  the  method  of  Kuhnt-Szymanowski.  The  excision 
of  the  posterior  plate,  however,  had  one  disadvantage,  viz.,  the  short- 
ening of  the  conjunctival  sac.  As  the  chief  impediment  for  the  nor- 
mal position  of  the  lid  in  ectropion  lies  in  the  thickened  and  bent 
tarsus,  Kugel  modified  this  method  by  confining  the  excision  to  the 
tarsus,  so  that  the  conjunctiva  is  not  shortened.  He  considers  this  a 
radical  operation  for  senile  ectropion,  by  which  the  two  obstacles  are 
completely  removed  which  prevent  the  normal  position  of  the  lid  in 
ectropion :  elongation  of  the  lid  in  the  direction  of  the  ciliary  bor- 
der and  its  thickening,  while  the  procedure  of  Kuhnt-Szymanowski 
corrects  only  the  elongation  of  the  lid,  and  the  thickening  remains. 
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Ectropion  anguli  externi.  (L.)  Eversion  of  tlie  external  angle  of  either 
the  upper  or  lower  eyelid. 

Ectropionater.  An  iiistrunieiit  devised  by  Cai-l  TIertzell  (Deaf sell. 
Med.  WocJk  iischr.,  No.  26,  1911)  for  everting  the  upper  lid.  It  is 
intended  to  do  its  work  thoroughly  and  to  expose  completely  the 
upper  folds  of  the  conjunctiva.  INIeantime,  with  the  aid  of  the  un- 
occupied hand,  applications  to,  and  even  minor  operations  upon,  the 
parts  are  carried  on  without  the  necessity  of  providing  an  assistant. 


Hertzell  's   Kctropioiiator. 


Its  purpose  and  method  of  employment  are  shown  in  tlie  ai'eoiiii)aiiy- 

ing  cuts. 
Ectropion  des  Pigmentblattes.     (G.)     Ectropion  of  the  pigment  layer. 

A  condition  existing  in  some  cases  of  glaucoma,  in  which,  by  atrophy 

of  the  anterior  layers  of  the  iris,  the  retinal  jngment  layer  i)rojects 

over  the  pupillary  margin. 
Ectropionization.     Eversion  of  tlie  upix'i-  eyelid  and  exposui-e  of  the 

conjunctiva  to  facilitate  thei-apeutic  manipulation. 
Ectropion  luxurians.     (L.)     See  Ectropion  sarcomatosum. 
Ectropion  mechanicum.      (L.)      Ectropion   of  the   eyelids   due   to   the 

pi-essure  of  oibital  t\iinors. 
Ectropion,  Muscular,     A  synonym  of  spastic  or  acute  ectropion ;  not  to 

be   confounded    witli    the   almost  obsolete   term   ectropion  musculare 

(q.  v.). 
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Ectropion  musculare.  (L.)  Ectropiou  of  the  eyelids  due  to  some  dis- 
turbance of  nutrition  in  the  tissue  of  the  orbicular  muscle,  either 
atrophy  or  fatty  degeneration. 

Ectropion  musculare  paralyticmn.  (L.)  Ectropion  of  the  lower  lid 
from  paralysis  of  those  fibres  of  the  facial  nerve  which  supply  the 
orbicular  muscle  or  of  the  entire  facial  nerve. 

Ectropion  musculare  spasmodicum.  (L.)  Spasmodic  or  spastic  ectro- 
pion of  the  eyelids,  usually  occurring  in  purulent  and  violent  phlyc- 
tenular conjunctivitis  accompanied  by  blepharospasm.  This  may 
occur  spontaneously  with  the  lids  themselves  or  come  on  after  the 
lids  have  been  everted  for  treatment. 

Ectropion  of  the  uvea.  Ectropium  uve.e.  This  is  the  name  applied 
to  that  congenital  condition  in  which  chocolate-brown  masses,  com- 
posed of  from  one  to  ten  nodules,  project  from  the  margin  of  the 
pupil  on  to  the  margin  of  the  iris.  They  are  composed  of  uveal  pig- 
ment, which  may  become  detached  and  float  in  the  aqueous  humor. 
The  affection  has  been  incorrectly  called  papilloma  of  the  iris.  It  is 
common  in  the  horse.  In  the  lower  animals,  the  horse,  goat,  hyrax, 
llama,  etc.,  it  is  known  as  "soot-balls,"  or  the  umbraculum. 

Two  cases  of  congenital  ectropium  uvese  have  been  microscopically 
examined  by  Meyer  {Arch.  f.  Augenli.,  v.  73,  p.  16,  1913),  who  ascribes 
this  state  to  the  formation  of  new  connective  tissue  in  the  anterior 
layers  of  the  iris  tissue  which  produces  traction  on  the  pupillary  mar- 
gin. The  pigment  in  the  new-formed  connective  tissue  he  believes  is 
probably  wandering  pigment  which  originated  in  the  ciliary  body. 

Gutmann's  {La  Clin.  Opht.,  xvi,  p.  557,  1911)  first  case  of  ectro- 
pium uveae  occurred  in  an  adult  affected  with  amaurosis  and  cataract ; 
the  second  in  a  child  of  10,  also  amaurotic  from  an  injury  received 
at  the  age  of  5.  In  an  eye  highly  degenerated  from  inflammation, 
Lohmann  {Klin.  Monatsbl.  f.  Augenli.,  Jan.,  p.  75,  1911)  observed 
extensive  ectropion  of  the  pigment  layer  of  the  iris  which  was  drawn 
forward  over  the  anterior  surface  of  that  structure.  Adam's  {Cen- 
tralbl.,  f.  pkt.  Augenli.,  Feb.,  p.  39,  1911)  case  of  binocular  ectropion 
of  the  iris  is  interesting  from  the  symmetrical  situation  in  both  eyes 
(inward  and  slightly  downward)  ;  and  as  showing  the  mechanism  of 
its  occurrence  through  mechanical  dragging. 

Finally,  Okuse  of  Tokio  {Klin.  Monatsbl.  f.  Augenheilk.,  April, 
1911),  has  examined  a  section  of  iris  removed  from  the  eye  of  a  youth 
presenting  congenital  ectropion  uveai.  The  iris  tissue  was  markedly 
pigmented,  especially  in  its  anterior  layers.  The  sphincter,  both  in 
its  width  and  thickness,  was  of  enormous  dimensions.  It  was  bent 
sharply  towards  the  pupillary  margin,  so  that  the  inner  end  of  the 
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muscle  layer  readied  far  forwards.  The  posterior  pigment  layer 
was  greatly  thickened ;  at  the  iris  root  it  was  somewhat  too  thick,  but 
the  nearer  it  approached  the  pupil  the  more  numerous  became  the 
irregular  outgrowths,  which,  however,  only  increased  the  thickness 
towards  the  pupil.  At  the  pupil  margin  there  was  a  projecting  out- 
growth which  inclosed  an  irregular  triangular  cavity  corresponding 
to  the  sinus  annularis  of  Szily.  Of  the  three  walls  the  inner  one  was 
thick  and  plump,  while  the  lateral  walls  reaching  near  the  pupil  were 
thin.  The  posterior  wall  was  irregular.  The  surfaces  toward  the 
cavity  were  all  smooth.  Further  forward  there  was  another  pigment 
knob.  The  cells  were  cylindrical  in  type.  He  considers  the  condition 
an  anomaly  of  development  consisting  of  a  forward  traction  of  the 
epidermal  hiyer  of  tlie  iris.  See  Comparative  ophthalmology;  as  well 
Congenital  anomalies. 
Ectropion  palpebrariun.  (L.)  Ectropion  of  the  eyelids. 
Ectropion  sarcomatosum.  An  obsolete  and  misleading  designation  of 
hypertrophicd  and  Heshy  conjunctiva  in  the  succulent  forms  of 
trachoma  and  some  other  forms  of  conjunctival  infection.  The  con- 
junctiva is  decidedly  hypertrophied,  papillomatous,  in  places  covered 
by  thick  scal)s,  and  of  great  vascularity,  and  has  an  appearance  in 
places  as  if  the  epithelium  had  become  epidermis.  It  occurs  when 
the  innei-  surface  of  the  lid  has  been  exposed  for  a  long  time  to  the 
air. 
Ectropium.  Same  as  Ectropion  (({.  v.). 
Ectropiumnaht.     (G.)     The  suture  or  stitch  employed  in  the  treatment 

of  ectro])i(in. 
Ectropium  sarcomatosum.     Ectropion  associated  with  marked  hyper- 
trophy of  tlic  I'vcrtcil  conjniietiva.    Sec  Ectropion  sarcomatosum. 
Ectropium  uvese.    Sec  Ectropion  of  the  uvea. 
Ecussone.     (F.)     Shield-shaped. 

Eczema,  Ocular  relations  of.  Eczeinatous  disease  of  the  eye  and  its 
appendages,  in  association  with  eczema  of  the  skin,  occurs  coinci- 
dently  with  areas  of  the  disease  on  the  general  surface.  It  may 
with  equal  frequency,  occur  preceding  or  succeeding  outbreaks  else- 
where, that  is,  eczema  may  extend  to  the  lids  from  other  parts  of 
the  face,  or  it  may  begin  in  the  lids  as  an  extension  from  a  con- 
junctivitis. Because  many  conditions  ai'e  spoken  of  as  eczematous, 
it  is  well  for  lis  in  our  study  of  the  ophthalmic  aspects  of  the  dis- 
ease, to  apply  the  term  eczema  to  tliose  atif'ections  of  the  lids,  con- 
junctiva and  cornea,  which  are  associated  with  eczema  in  other  parts 
of  the  body,  and  whose  course  and  prognosis  depend  upon  those  of 
the  general  disease. 
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Eczema,  according  to  Stelwagoii,  may  be  considered  to  be  a  ca- 
tarrhal inflammation  of  the  skin,  of  variable  chronicity,  characterized 
in  the  beginning  by  the  appearance  of  erythema,  papules,  vesicles 
or  pustules,  or  a  combination  of  these  lesions,  with  a  variable  amount 
of  infiltration  and  thickening,  terminating  either  in  discharge  with 
the  formation  of  crusts,  or  in  desquamation,  and  accompanied  by 
more  or  less  intense  itching  with  a  feeling  of  heat  or  burning. 

Eczema  of  the  ocular  structures  is  hardly  ever  found  in  the 
first  weeks  of  infancy.  It  is  found,  however,  very  frequently  during 
childhood;  seldom  after  puberty,  and  rarely  in  advanced  age.  In 
adult  life  it  is  generally  observed  during  convalescence  from  the  in- 
fectious fevers  and  other  severe  diseases;  land,  among  the  anemic 
and  feeble,  during  pregnancy  and  in  the  puerperium.  In  the  aged, 
especially  in  gouty  subjects,  eczema  of  the  face  may  occur  accom- 
panied by  a  persistent  and  intractable,  as  well  as  painful,  conjunc- 
tivitis. It  is  very  frequently  present  in  those  suffering  from  un- 
corrected ametropia,  and  in  these  treatment  is  often  unavailing  until 
the  proper  spectacles  have  been  worn. 

While  eczema  may  be  manifested  in  several  members  of  a  family 
it  cannot  be  said  to  be  hereditary,  although  persons  with  familially 
tender  skin  may  present  the  disease  when  subject  to  contributory 
and  other  exciting  causes. 

In  the  writer's  experience,  persons  of  dark  hair  and  complexion 
are  less  likely  to  be  affected  with  eczema  than  the  blond  and  more 
florid,  and,  among  children,  girls  seem  to  have  been  affected  more 
than  boys,  yet  among  adults,  men  have  been  affected  more  commonly 
than  women. 

Eczema  can  hardly  be  said  to  be  contagious,  at  least  in  the  light 
of  present-day  knowledge.  So  far,  a  direct,  specific  cause  is  not 
known,  yet  as  facts  accumulate  the  future  may  disclose  it  to  be 
micro-organismal. 

Eczema  of  the  lids  is  either  acute  or  chronic.  When  it  is  chronic 
it  is  developed  either  from  an  acute  eczema,  or  it  has  been  chronic 
from  the  start.  It  may  be  confined  to  the  lids  alone,  or  it  may  be 
part  of  an  eczema  distributed  over  the  surface  of  the  body,  especially 
on  the  face  and  scalp.     It  is  rarely  primary  in  the  ocular  structures. 

Acute  eczema  is  often  caused  by  the  maceration  and  softening  of 
the  epidermis  brought  about  by  the  application  of  external  irritants, 
such  as  the  irritation  produced  by  the  prolonged  bandaging  of  in- 
flamed eyes ;  the  improper  use  of  poultices,  adhesive  plasters,  etc. ; 
the  application  of  mercurial  salves;  or  the  prolonged  use  of  solu- 
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tioiis  of  atropia.  In  these  eases  there  may  be  an  extensive  erythema 
which  at  the  end  of  a  few  days  is  converted  into  eczema. 

Eczema  of  the  lidij  occurs  both  in  children  and  adults.  It  appears 
often  in  the  erythematous  form,  or  but  rarely  in  the  vesicular,  and 
it  may  become  squamous  or  scaly,  papular  and  pustular.  It  may 
exist  alone,  or  be  accompanied  by,  and  be  secondary  to,  disease  of  the 
conjunctiva,  in  which  ease  it  becomes  a  part  of  the  well-known  "con- 
junctivitis eczematosa,"  when  it  is  usually  associated  with  "the 
scrofulous  diathesis."  In  this  last  condition  very  serious  complica- 
tions may  be  present,  therefore  as  it  is  so  closely  allied  to  phlyctenular 
disease  of  the  conjunctivo-cornea,  reference  should  be  made  to  the 
sections  on  the  phlyctenular  diseases  of  the  conjunctiva  and  cornea. 
Notwithstanding  the  fact  that  absolute  proof  of  scrofulous  and 
tubercular  diseases  is  lacking,  the  positive  frequency  with  which 
phlyctenular  disease  of  the  conjunctiva  and  cornea  is  associated  with 
an  "attenuated  tuberculosis"  cannot  be  denied.  Therefore  phlycten- 
ular disease  and  eczematous  disease,  for  the  present  at  least,  can  be 
relegated  to  the  position  of  separate  and  distinct  entities. 

At  the  same  time  authentic  iiistances  are  on  record  in  which  adults 
with  extensive  eczema  have  had  severe  inflammation  of  the  con- 
junctivo-cornea in  which  the  cornea  has  become  implicated  even  to 
the  point  of  perforation.  This  form  of  disease  of  the  conjunctiva  ma.y 
therefore  be  considered  as  analogous  to  eczema  of  the  skin  as  found 
upon  the  face  and  upon  the  edges  of  the  lids  themselves.  (See 
Blepharitis  for  a  more  extensive  description  of  tlie  infininmations  of 
the  tarsal  borders  than  can  be  given  here.) 

The  simultaneous  occurrence  of  eczema  of  the  skin  and  of  the 
eye  denotes,  in  many  cases,  a  connnon  diathetic  origin,  wliile  it  may 
be  explained  in  others  as  having  been  transferred  from  a  spot  on  the 
skin  to  the  eye,  or  from  the  eye  to  the  skin. 

When  the  lids  alone  are  affected,  it  usually  depends  upon  a  local 
cause,  as  from  the  constant  discharge  of  tears  in  conjunctivitis ; 
from  obstruction  of  the  lachrymal  ducts,  ectropion,  etc.,  in  which  case 
the  lower  lid  is  the  one  more  often  attacked. 

In  children,  the  constant  coryza  from  which  tliey  sullVi'  is  to 
be  attributed  to  an  eczematous  affection  of  the  nasal  mucous  iiicni- 
braiic;  indeed  the  n;is;il  iiiucous  membi'ane  usually  is  affected,  not 
only  as  an  aecompaniinent  of  disease  of  the  lids  and  conjunctiva,  but 
the  starting  point  of  eezenm  of  the  eye  may  be  found  in  llie  trans- 
ference of  the  disea.se  from  tlie  nasal  passages. 

The  most  fi-equent  type  of  infantile  eezenui  is  tliat  t'oiind  associated 
with  gastro-intestinal   (h-rangements  in   otherwise  liejdtliy   ehildi-en. 
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Usually,  the  lids  are  not  involved,  but  strumous  children  may  show 
cracks  and  fissures  about  the  canthi  and  at  the  junction  of  the  skin 
and  mucous  surfaces.  Involvement  of  the  glands  of  the  lid  borders 
may  give  rise  to  seborrhea.  The  fornix  and  palpebral  conjunctiva  are 
rarely,  if  ever,  attacked  by  eczema,  though  there  may  be  an  intractable 
catarrh,  a  true  eczematous  blepharitis.     (See  Blepharitis.) 

In  adults,  eczema  of  the  lids  usually  is  of  the  erythematous  type, 
constituting  the  "hyperemia  of  the  ciliary  border."  The  disease 
is  usually  marked  by  remissions,  with  redness  and  soreness  of  the 
borders,  with  the  formation  of  crusts,  pustules  and  ulcers  at  the  roots 
of  the  lashes.  The  disease  is  chronic,  yet  it  may  not  seriously  inter- 
fere with  the  nutrition  and  growth  of  the  ej^elashes.  Many  of  these 
subjects  are  the  victims  of  uncorrected  ametropia. 

In  others,  there  may  be  thickening  and  redness  of  the  lid  borders 
with  matting  of  the  cilia  together  into  tufts  embedded  in  thick, 
yellow  crusts  underneath  w'hich  may  be  found  shallow  ulcers.  In  this 
form,  the  hair  follicles  are  affected,  and  the  hair  bulbs  swollen  and 
thickened.  There  is  usually,  in  such  cases,  disease  in  the  lachrymal 
passages,  with  eczema  of  the  nostrils  and  patches  of  it  in  the  eye- 
brows and  on  the  scalp. 

The  pustular  is  the  more  severe  type  and  may  involve  all  four 
lid  borders.  Crusts  may  be  found  about  the  follicles  covering  over 
bleeding  ulcers,  burrowing  into  and  seriously  interfering  with  the 
nutrition  of  the  tarsus.  Usually  the  lashes  become  distorted,  when 
they  may  drop  out,  the  edges  of  the  lids  hard,  rounded  and  everted, 
and  the  lachrymal  punctum  closed  and  displaced,  so  that  a  flow 
of  tears  annoys  the  patient. 

JMarked  edema  may  accompany  acute  eczema  of  the  lids,  and  for 
the  first  few  days  it  may  be  difficult  to  distinguish  it  from  erysipelas, 
and  for  as  long  as  the  skin  is  red  and  swollen  the  disease  looks  like 
erysipelas.  In  erysipelas,  however,  the  skin  is  infiltrated  in  its  entire 
depth  so  that  the  skin  is  manifestly  thicker  and  firmer  than  it  is 
in  eczema. 

The  primary  principles  of  treatment  consist  in  both  local  and 
general  measures.  The  strictest  bodily  cleanliness  must  be  main- 
tained, the  diet  and  sleep  regulated,  and  all  psychic  depressants 
removed.  Attention  should  be  given  to  the  naso-pharynx,  the  lids 
should  be  cleansed  of  the  scales,  and  then  protected  by  bland  salves 
and  dusting  powders. 

Ophthalmic  eczema  may  give  rise  to  a  conjunctivitis  which  may 
vary  from  a  simple  catarrh  due  to  the  entrance  of  irritating  and  de- 
composed secretion  into  the  conjunctival  sacs,  to  one  severe  enough 
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to  take  on  the  forms  of  a  purulent  conjunctivitis.  Notwithstanding 
this,  in  severe  eczema  of  the  face,  integument  of  the  scalp  and  eye- 
lids, the  conjunctiva  may  be  completely  unaffected,  or  at  most  only 
slightly  reddened.  Conversely  the  overflow  of  the  lachrj^mal  secre- 
tions may  so  macerate  the  integument  of  the  lids  and  face  as  to  set 
up  an  intractable  eczematous  eruption. 

Eczematous  co7ijunctivitis  is  characterized  by  the  efflorescence  of 
more  or  less  numerous  eminences  at  the  limbus,  red  in  color,  about 
the  size  of  a  millet-seed.  In  time  these  eminences  break  down,  by 
the  softening  and  maceration  of  the  surface,  and,  later,  through 
the  process  of  ulceration  entirely  disappear,  being  replaced  by  more 
or  less  thickened  epithelium.  During  the  evolution  there  is  localized 
hj'peremia  while  the  rest  of  the  conjunctiva  is  free  from  congestion. 
The  larger  nodules  may  persist  for  a  long  time,  in  which  case  when 
the  inflammation  is  great,  the  tarsal  conjunctiva  is  affected  and 
participates  in  the  invasion.  The  efHoreseences  may  be  large,  but 
few  in  number,  or  there  may  be  only  a  single  one.  When  small,  they 
are  more  numerous,  and  then  they  may  be  scattered  over  the  con- 
junctiva and  cornea  and  the  hyperemia  about  them  so  great  as  to 
give  the  eruption  an  appearance  of  a  more  diffuse  inflammation. 

The  nodules  may  remain  upon  the  bulbar  conjunctiva  or  extend 
on  to  the  cornea.  jNIarginal  ulcers  of  the  cornea  may  form  and  later 
perforate  with  the  subsequent  incarceration  of  the  iris  in  the  scar, 
and  displacement  of  the  pupil.  Usually,  however,  the  cornea  is 
affected  in  the  superficial  laj'ers  only,  and  when  the  nodules  are  small 
they  may  disappear  by  resorption  in  a  few  days,  to  be  followed  by 
scarcely  any  opacity ;  on  the  other  hand,  when  the  inflammation 
is  greater,  the  exudation  spreads,  and  extends  to  the  deeper  layers 
so  that  ulceration  occurs  followed  by  perforation.  The  healing  of 
such  ulcerations  is  always  succeeded  by  permanent  opacity.  In 
certain  cases,  equally  serious  so  far  as  scarring  of  the  cornea  is  con- 
cerned, the  ulcer  spreads  without  penetrating  very  deeply;  its  prog- 
ress can  be  noted  by  the  manner  of  its  creeping  over  the  surface. 
The  course  of  such  an  erosion  is  chronic.  Mai^ked  pannus  arises, 
the  obliterated  vessels  of  which  remain  throughout  life. 

The  infiltrate  may  lie  in  the  deeper  layers  and  tliere  produce  ex- 
tensive destruction,  though  mild  cases  undergo  resorption  and  are 
followed  by  but  little  damage.  A  not  very  vascular  pannus  may  form 
on  the  surface  of  the  cornea.  Such  a  pannus  is  usually  so  thin  that 
it  suddeidy  fades  and  disappears.  It  may  occupy  an}'  sector  of  the 
cornea,  which  distinguishes  it  from  the  pannus  of  trachoma,  which 
is  invariably  fDiiiid  on  tlie  upper  part  of  the  cornea. 


4152  ECZEMA,  OCULAR  RELATIONS  OF 

Coiijimt'tivitis  eczeniatosa  is  accompanied  by  profuse  lachryraation. 
The  discharge  is  thin,  and  the  lids  are  not,  as  a  rule,  stuck  together 
as  in  catarrhal  conjunctivitis.  Intense  photophobia  and  violent 
blepharospasm,  usually  out  of  all  proportion  to  the  severity  of  the 
lesions,  are  invariably  present. 

At  tirst  one  eye  is  affected,  but  as  the  violence  abates  in  it  the  other 
eye  becomes  involved,  and  as  the  second  eye  improves  the  first  eye  is 
again  invaded,  and  so  on  for  weeks,  months  or  even  years.  The 
disease  commonly  begins  in  childhood,  while  the  attacks  may  recur 
and  recur  until  late  in  puberty. '  It  may  affect  adults  at  critical  pe- 
riods in  their  life-history :  women  may  be  alfected  during  pregnancy, 
and  again  at  the  menopause. 

A  single  efflorescence  may  speedily  fade  without  any  harmful  re- 
sults, but  because  of  the  great  likelihood  of  recurrences,  the  disease 
is  one  of  the  most  serious  of  eye  diseases,  especially  when  the  cornea 
is  affected.  The  numerous  maculations  following  the  healing  inter- 
fere with  the  sight  and  favor  the  development  of  myopia  and  of  squint. 
In  addition,  because  of  the  length  of  the  course  of  the  disease,  the 
development  of  the  mental  and  physical  health  of  the  child  is  inter- 
fered with. 

From  the  constant  flow  of  tears  the  lid  borders  become  inflamed, 
and  eczema  of  the  lids  and  cheeks  is  a  frequent,  if  not  a  common,  ac- 
companiment, with  excoriations  at  the  angles  of  the  lids.  Ectropion 
and  blepharophimosis  may  follow  later  on. 

Eczematous  disease  of  the  conjunctiva  and  cornea  often  follows 
measles  and  scarlatina,  and  is  usually  accompanied  by  imperfect  in- 
testinal digestion  and  the  presence  of  intestinal  parasites.  Usually 
the  teeth  are  carious,  and  invariably  there  are  adenoids  and  other  dis- 
eases of  the  naso-pharynx. 

It  is  difficult  to  define  the  underlying  dyscrasia  upon  which  this  ocu- 
lar disease  is  based.  Eczema,  as  has  been  pointed  out,  is  conceded  by 
dermatologists  to  be  a  catarrhal  inflammation  set  up  by  various  exter- 
nal and  internal  causes  in  an  inherently  weak  and  debilitated  skin, 
^licrobic  and  parasitic  organisms,  or  their  products,  may  be  exciting 
causes,  together  with  the  effects  of  the  ehemic,  toxic  and  other  exter- 
nally irritant  substances  which  may  take  part  in  the  reaction  excit- 
ing to  inflammation,  yet  as  no  specific  micro-organism  has  so  far  been 
isolated,  many  observers  are  inclined  to  the  belief  that  it  cannot 
be  microl)ic  in  origin.  And  it  cannot  be  classed  as  a  trophoneurosis, 
although  nerve  changes  have  been  noted,  yet  they  are  not  primary; 
the  itching,  so  persistently  a  symptom,  is  without  doubt  dependent 
upon  secondary  changes  in  the  nerve  twigs.     The  rete  and  papillary 
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layers  are  involved,  while  in  severe  and  chronic  cases,  the  cerium  and 
subcutaneous  tissues  may  be  invaded.  The  process  is  characterized 
by  hyperemia  and  exudation,  accompanied  by  dilatation  of  the  ves- 
sels and  proliferation  of  the  epithelium  and  connective  tissue  cells. 
The  crusts  on  the  surface,  which  are  usually  stained  with  blood  and 
pus,  are  formed  by  the  drying  of  the  exuded  serum  mingled  with  the 
tluid  from  the  degenerated  cells.  On  the  conjunctival  surface  the 
nodule  is  formed  by  an  accumulation  of  leucocytes  beneath  the  epi- 
thelium. This  fluid  is  at  first  sterile,  ])ut  later,  when  the  surface  has 
been  macerated  and  ulceration  follows,  it  may  become  infected  by 
any  micro-organism  likely  to  be  present.  There  is  always  more  or 
less  hyperemia  of  the  conjunctiva,  altliough  it  never  becomes  general 
but  is  alwa.ys  focused  towards  the  nodule.  The  ulceration  may  heal 
easily  even  in  the  cornea. 

It  is  not  quite  exact  to  say  that  eczema  has  its  origin  in  the  scrofu- 
lous diathesis,  since  we  are  inclined  to  consider  scrofula  as  a  synonyin" 
of  tuberculosis  of  glandular  and  osseous  structures,  neither  can  we 
claim  it  to  be  tul)ercular  when  no  tubercle  bacilli  are  found  in  the 
unruptured  efflorescences.  Yet  it  is  impossible  to  separate  these  con- 
siderations from  our  minds  when  we  are  confronted  by  an  individual 
whose  ocular  disease  presents  the  forms  outlined  here.  Of  one  thing 
we  may  be  certain,  in  the  great  majority  of  cases,  namely,  that  at 
sometime  more  or  less  remote,  if  not  immediately  present,  there  has 
been  an  eruption  of  eczema  on  the  lids  or  face,  and  that  naso-pharyn- 
geal  symptoms  are  invarialily  an  accompaniment,  and  that  they  are 
dependent  upon  lesions  in  the  mucous  membrane  comparable  to 
those  seen  on  the  skin.  We  are  therefore  justified  in  returning  to 
Horner's  view  that  such  symptoms  are  indeed  manifestations  of 
eczema. 

Occasionally  difficulties  arise  in  the  diagnosis  of  eczematous  con- 
junctivitis, the  distinctive  sign  of  whicli  is  the  focal  character  of  the 
efflorescence  and  its  localization  on  the  cornea  and  in  the  region  of 
the  limbus.  TTerpes  of  the  conjunctiva  may  simulate  a  phlyct(>nule, 
but  hcrjM'tic  vesicles  are  usually  clustered  some  distance  from  the 
liiiibiis;  they  are  transparent  and  soon  fade,  accompanied  by  but  few 
if  any  marked  symptoms.  The  elevations  of  spring  catai'i-li  are  larger 
than  the  elevations  of  plilyetennles  and  spi-ing  eatarrh  is  never  ac- 
companied by  uleej'ation.  Traclioiiiaf ous  eoiijuncl  ivit  is  involves  tlie 
lids  and  j-etrotai'sal  folds  as  well  ;is  the  ^lolie,  ;ni(l  it  i-ai-ely  invades 
the  limbus. 

I'^fotii  tile  foregoiiin  it  would  seem  that  ee/ematous  eonjunetivitis 
is  largely  the  local  (expression  of  a  systematic  distui'banee.     The  treat- 
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ment  of  any  case  therefore  requires  a  search  for  the  cause  of  the  gen- 
eral affection,  which  affection  must  be  removed  if  possible.  At  the 
same  time  measures  should  be  adopted  for  the  relief  of  the  ocular 
symptoms  and  the  two  courses  must  be  maintained  for  many  weeks. 
Errors  of  diet  must  be  corrected ;  starchy  foods  and  sugar  must  be 
excluded  from  the  dietary.  The  meals  should  be  regulated,  and  all 
digestive  derangements  eliminated.  Intestinal  worms  should  be  dis- 
lodged. A  clean  skin  is  as  imperative  as  fresh  air,  and  life  must  be 
largely  spent  out  of  doors.  The  internal  uses  of  calomel ;  quinine  and 
iron  (a  valuable  preparation  is  formed  by  the  suspension  of  gr,  xxx. 
of  the  dried  sulphate  in  an  ounce  of  the  tincture  of  the  chlorid,  of 
which  twenty  drops  should  be  taken  in  milk  or  water  at  meals). 

Locally  atropin  is  indicated ;  the  irritation  can  be  lessened  by  co- 
eain  or  holocain,  and  by  the  use  of  fresh  solutions.  Calomel  may  be 
dusted  on  the  affected  area,  and  the  daily  application  of  the  yellow 
oxide  of  mercury  may  be  of  equal  service.  Sluggish  healing  may  be 
excited  to  greater  activity  by  applications  of  glycerine  suspensions 
of  sulphate  of  copper.  The  naso-pharynx,  the  skin,  and  the  glandular 
lesions  must  be  given  full  attention,  and  as  soon  as  possible  errors  of 
refraction  should  be  adequately  corrected. —  (B.  C.) 

Eczematous  conjunctivitis.  Conjunctivitis  with  lesions  resembling 
those  of  eczema,  or  it  may  be  due  to  an  extension  of  eczema  to  the  eye. 

Eczematous  keratitis.    See  Keratitis  fascicularis. 

Edema.  A  swelling  due  to  an  effusion  (commonly  serous)  into  the  con- 
nective tissue.     See,  also,  (Edema. 

Edema  conjunctivae.  CEdema  of  the  conjunctiva.  Chemosis  of  the 
CONJUNCTIVA.  This  condition  occurs  when  the  areolar  tissue  of  the 
conjunctiva  is  distended  by  serous  exudation.  It  is  generally  a  symp- 
tom of  some  other  disease — for  example,  acute  conjunctivitis,  choroid- 
itis, iritis,  sinusitis,  or  orbital  cellulitis.  According  to  de  Schweinitz 
(Diseases  of  the  Eye,  p.  306)  angioneurotic  edema  of  the  conjunctiva, 
with  swelling  and  hyperemia,  may  appear  without  any  apparent  cause 
and  with  marked  suddenness.  In  paralysis  of  the  external  straight 
muscles  the  overlying  conjunctiva  is  often  decidedly  edematous,  and 
this  may  be  an  early  symptom  of  the  condition.  Chemosis  of  the  con- 
junctiva following  the  use  of  iodid  of  potassium  has  been  reported 
by  the  author,  and  it  may  succeed  a  general  outbreak  of  urticaria. 
In  the  treatment  of  this  condition,  when  it  is  excessive,  the  swollen 
tissues  may  be  scarified  and  bathed  with  an  astringent  collyrium. 

Edema  fugax.  A  temporary  edema,  probably  due  to  atmospheric 
changes,  occurring  in  the  face,  eyelids,  and  neck  of  (especially)  chloro- 
tic  patients. 
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Edema  of  the  cornea.  Pressure  opacity  of  the  cornea.  This  condi- 
tion is  usually  secondary  to  and  the  result  of  increased  intraocular 
tension,  but  it  sometimes  appears  in  connection  with  several  other 
diseases.  This  uniform  condition  of  the  cornea  is  most  pronounced 
at  the  center  and  chiefly  involves  the  epithelial  layer  which,  upon 
close  inspection,  is  seen  to  be  uneven.  In  advanced  cases,  minute 
vesicles  or  blebs  may  appear  on  the  cornea.  When  due  to  glaucoma, 
it  appears  most  frequently  in  the  inflammatory  form.  Tlie  opacity 
is  diffuse,  dull-gray  or  smoky  in  appearance.  See  Cornea,  Pressure 
opacity  of  the. 

Edema  of  the  eyelids.  Palpebral  edema.  CEdema  of  the  lids.  This 
s.ymptom  is  generally  associated  with  injury  to  the  head  or  local  af- 
fections of  the  lids  themselves,  such  as  styes,  bites  from  insects,  burns, 
infective  conjunctivitis,  etc.,  or  it  may  be  important  evidence  of  a 
diseased  condition  of  the  kidne.ys,  heart  or  general  vascular  sy.stem. 

Treatment  should  be  directed  to  the  cause  while,  locally,  benefit  is 
derived  from  the  application  of  evaporating  lotions  and  soothing 
collyria.  For  instance,  Webster  Fox  {Text-hook,  page  551)  advises 
the  following  prescription  as  a  frequent  application : 

Liquor,  plumbi  subacetatis  dil., 

Tincturae  opii,  7.39  (fl.  3i,j) 

Tincture  belladonna  aa,  5.53  (fl.  3jss) 

Tincturae  arnicae,  30.00  (fl.  gj) 

Aquge  camphora?,  40.00  (fl.  giss) 

Aquae  dest.,  120.00  c.c.  (fl.  §iv) 

Relapsing  transient  edema  of  the  eyelids  has  been  frequently 
observed  since  attention  was  called  to  it  about  fifteen  years  ago. 
Various  explanations,  none  very  convincing,  have  been  advanced  by 
different  writers.  Brunetiere  reports  several  cases  and  comes  to  the 
following  conclusions :  The  expression  essential  or  idiopathic  edema 
of  the  lids  is  an  improper  one,  which  should  be  dropped  as  it  does  not 
indicate  a  definite  condition.  There  are  various  forms  of  acute  edema 
of  the  lids,  just  as  there  are  different  varieties  of  conjunctivitis  and 
iritis.  Of  the  numerous  causes  invoked  to  account  for  the  edema  two 
have  been  particularly  insisted  upon  :  arthritic  and  hysterical.  Bl-une- 
tiere  believes  tluit  while  botli  ai'thritisin  and  neuropathies  are  fre- 
quently present,  they  are  ol"  but  secondary  imixirtance  as  predisposing 
causes.  The  exciting  cause  lie  l)elieves  to  l)e  toxic;  in  some  cases 
exog<'n()iis,  ;iliiiiciitarv  or  iiiedicaiiicntous ;  in  others  and  nioi'c  numer- 
ous, auto-intoxication  from  gastro-intestinal  disturbance. 
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Lazareff  observed  a  young  girl  affected  with  spasmodic  paralysis 
of  syphilitic  origin  who  suddenly  became  affected  with  a  spongy  edema 
of  the  left  upper  lid.  The  upper  tarsus  was  thickened  and  the  lid 
swollen,  red  and  tense.  Specitic  tarsitis  was  diagnosed  and  six  days 
of  treatment  with  mercury  brought  about  a  cure.  A  week  later  the 
edema  returned  and  this  time  in  both  lids;  an  induration,  the  size  of 
an  almond,  adherent  neither  to  the  skin  nor  the  tarsus,  appeared  over 
the  tarso-orbital  ligament.  The  same  treatment  as  before  brought 
about  a"  cure  in  fifteen  days.  Two  weeks  later  there  was  a  relapse 
with  considerable  extension  of  the  edema  over  the  forehead,  nose, 
cheeks,  etc.  A  series  of  mobile  enlargements  were  present  in  the 
distended  cellular  tissue  of  the  invaded  region.  A  strange  comcomitant 
symptom  was  the  fact  that  the  enlargements  migrated  from  one  point 
to  another,  disappeared  and  reappeared.  After  an  exhaustive  discus- 
sion of  the  pathogeny  of  the  affection  and  of  analogous  cases  in  litera- 
ture, Lazareff  concludes  that  the  symptoms  depended  upon  a  disturb- 
ance in  the  secretion  and  circulation,  due  probably  to  central  and 
peripheral  nervous  lesions.  The  patient,  in  fact,  was  affected  with 
active  cerebral  syphilis. 

Wilson  obtained  satisfactory  results  in  a  case  of  swollen  lid  follow- 
ing an  attack  of  erysipelas,  by  carrying  two  silk  threads  subcutaneously 
parallel  to  the  margin  of  the  lower  lid,  one  near  the  lid  margin,  the 
other  near  the  margin  of  the  orbit ;  and  then  from  below  the  outer 
canthus  downward  in  the  cheek  for  an  inch  or  more. 

Elgood  reports  a  small  epidemic  of  eight  cases  of  edema  of  the  lids 
with  pyrexia.  The  edema  was  quite  marked  and  at  first  attracted 
attention,  but  subsided  within  two  or  three  days.  Fever  continued 
for  several  days  to  three  weeks  and  there  was  gastro-intestinal  dis- 
turbance suggesting  typhoid  fever.  But  the  Widal  test  proved  negative. 

Edema  retinse.  This  term  is  a  synonym  of  Commotio  retinae.  See  Vol. 
TV,  p.  2517,  of  this  Encyclopedia. 

Edema,  Solid.    This  is  one  of  the  forms  of  elephantiasis  (q.  v.). 

Edema  theory  of  glaucoma.    See  Glaucoma. 

Edessenum.  (L.j  A  collyrium,  ascribed  to  yEtius,  made  by  mixing 
a  sufficient  quantity  of  water  with  1  part  each  of  gum  tragacanth, 
gum  arabic,  starch,  and  sarcocolla,  2  parts  of  opium,  4  parts  of  white 
lead,  and  8  parts  of  cadmium  sulphate. 

Edge  of  a  prism.  The  thin  edge  or  apex  of  a  prism  represents  the  angle 
made  by  the  refracting  surfaces,  being  opposed  to  the  thickest  part 
or  base. 

Edinger's  fibres.  These  are  visual,  cortical  fibres  of  the  optic  tract, 
found  in  amphibia. 
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Edocephale.  Edocephalus.  Hedoceppialus.  A  term  emplo^-ed  by 
Geoffroy  St.-Hiliare  to  describe  a  monster  having  the  two  ears  near 
together  (or  united  under  the  head),  atrophied  jaws,  no  mouth,  a 
single  median  eye,  and  above  the  eye  a  nasal  tube  resembling  a  penis. 

Edridge-Green's  color  perception  lamp.  See  Vol.  IV,  p.  2410,  of  this 
Encijdopcdm. 


Edridge-Gieen 's  Color  Perception  Lamp. 

Edridge-Green's  color  perception  spectrometer.     See  Vol.  IV,  p.  2412, 

of  this  KnciicJopcdiii. 
Edridge-Green's  theory  of  vision  and  color.    A  ray  of  light  impinging 
on  the  retina  liberates  the  visual  purple  from  the  rods  and  a  photo- 
graph is  formed. 

The  rods  are  conceriied  only  with  the  foi'inatiou  and  distribution 
of  tlie  visvud  purple,  not  with  the  eonveyanee  of  light  iiniiulscs  to  the 
brain. 

The  decomposition  of  the  visual  [)ui-pl('  by  light  cluMuieally  stimu- 
lates the  ends  of  the  cones  (very  probably  through  the  electricity 
which  is  produced),  and  a  visual  impulse  is  set  up  which  is  conveyed 
through  the  optic  nerve  fibres  to  the  brain.  If  it  were  possible,  in  a 
case  in  whicth  the  .spectrum  appeared  of  similar  length  aiul  brightness 
to  both,  for  a  nornuil-sighted  person  and  a  color-blind  one  to  excliange 
eyes,  the  normal-sighted  wouM  still  see  coloi-s  i)roperly  and  the  eoloi-- 
blind  would  still  be  color-blind.  There  are  cases  in  Avliich  the  visual 
purple  is  differently  constituted  and  is  not  sensitive  to  certain  rays 
at  one  or  both  ends  of  the  siicctnim.  Tlic  chai-actcf  of  thr  iiiipulsc 
set  up  differs  accoi-ding  to  the  wave-length  of  tht-  light  causing  it. 
Therefore  in  the  impulse  itself  we  have  the  physiological  basis  of  tluj 
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sensation  of  light,  and  in  the  quality  of  the  impulse  the  physiological 
basis  of  the  sensation  of  color.  The  impulse  being  conveyed  along 
the  optic  nerve  to  the  brain,  stimulates  the  visual  centre,  causing  a 
sensation  of  light,  and  then  passing  on  to  the  color-perceiving  centre, 
causes  a  sensation  of  color.  But  though  the  impulses  vary  in  char- 
acter according  to  the  wave-length  of  the  light  causing  them,  the 
color-perceiving  centre  is  not  able  to  discriminate  between  the  char- 
acter of  adjacent  impulses,  the  nerve  cells  not  being  sufficiently  de- 
veloped for  the  purpose.  At  most,  seven  distinct  colors  are  seen,  while 
others  see  in  proportion  to  the  development  of  their  color-perceiving 
centres,  only  six,  five,  four,  three,  two  or  one.  This  causes  color- 
blindness, the  person  seeing  only  two  or  three  colors  instead  of  the 
normal  six,  putting  colors  together  as  alike  which  are  seen  by  the 
normal-sighted  to  be  different.  In  the  degree  of  color-blindness  just 
preceding  total,  only  the  colors  at  the  extremes  of  the  spectrum  are 
recognized  as  different,  the  remainder  of  the  spectrum  appearing 
grey.    See,  also,  Color-sense  and  color-blindness. 

EdriophthaJmata.  A  section  of  higher  crustaceans,  including  the 
simpler  and  more  primitive  forms,  in  which  the  eyes  are  sessile,  not 
stalked. 

Education  of  the  blind.  This  subject  has  been  considered  under  the 
various  Blind,  as  well  as  Blindness,  headings,  beginning  with  p.  1116, 
Vol.  II,  of  this  Encyclopedia.  The  reader  is  especially  directed  to  con- 
sult p.  1116,  Vol.  II,  Blind,  Amusements  and  recreations  of  the,  as 
well  as  Institutions  and  resources  of  the  blind,  not  to  mention  the 
heading  Blind,  Physical  education  of  the,  on  p.  1200  of  the  same 
volume.  See,  also,  p.  1206,  under  the  general  caption,  Blind,  The. 
An  important  section  is  that  entitled  Alphabets  and  literature  for  the 
blind,  beginning  with  p.  249,  Vol.  I,  of  this  Encyclopedia. 

The  centennial  anniversary  of  the  birth  of  Louis  Braille,  born  Jan. 
9,  1809,  has  attracted  especial  attention  to  the  subjects  of  education 
and  occupation  for  the  blind.  In  his  paper  on  Louis  Braille  and  the 
intellectual  achievements  of  the  blind,  Skrainka  {Am.  Jour,  of  Ophth., 
p.  131,  1910),  has  traced  the  development  within  the  last  one  hundred 
and  twenty-five  years  of  the  method  of  reading  by  touch,  and  the 
growth  of  the  literature  open  to  those  who  have  mastered  the  method 
of  Braille.  In  the  Paris  library  there  are  now  over  25,000  volumes 
printed  in  Braille.  Keller  claims  that  the  largest  collection  of  books 
for  the  blind  in  America  is  to  be  found  at  Cincinnati,  and  he  men- 
tions three  magazines — the  Ziegler  Magazine,  the  Milwaukee  Medical 
Review  and  the  Christian  Record.  It  is  unfortunate  that  a  modification 
of  the  Braille  system,  which  is  at  best  a  doubtful  improvement,  has 
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been  extensively  used  in  this  country  under  the  name  of  "New  York 
Point. ' '  The  intellectual  achievements  of  the  blind  have  been  reviewed 
by  Villey  {Revue  des  Deux  Mondes,  Feb.  1,  1910),  himself  blind  from 
four  and  one-half  years,  and  the  author  of  a  valuable  literary  treatise 
on  the  essays  of  Montaigne. 

In  the  better  institutions  for  the  education  of  the  blind,  Bishop 
{Ophtlwlmology,  p.  71,  1910)  finds  that  although  the  effort  is  made  to 
teach  each  pupil  something  practical  that  he  can  do  with  his  hands, 
care  is  taken  to  preserve  such  special  talents  as  he  may  possess. 
Sommer  {Ceniralhl.  f.  Augenh.,  p.  317,  1910),  reviewing  the  profes- 
sional opportunities  for  those  who  have  become  blind,  considers  medi- 
cine and  natural  science  closed  to  them,  although  the  blind  physician 
might  practise  massage  or  take  up  special  work  in  the  correction  of 
speech  defects.  He  overlooks  the  possibilities  for  specializing  on 
diseases  of  the  chest,  that  has  been  so  strikingly  developed  for  himself 
by  Babcock,  of  Chicago.  In  law,  philosophy  and  theology,  Sommer 
finds  wider  opportunities  open  to  the  blind.  Fox  urges  the  special 
fitness  of  the  blind  to  practise  massage  as  an  occupation,  on  account  of 
their  superior  development  of  the  sense  of  touch.  He  points  out  that 
great  assistance  could  be  given  by  the  medical  profession  in  opening 
to  them  this  avenue  of  employment.  Little  {Lancet,  ii,  p.  1129,  1910), 
enters  a  vigorous  protest  against  the  action  of  a  certain  railroad,  requir- 
ing each  blind  person  to  sign  a  special  agreement  to  protect  the  com- 
pany from  damages  for  injury,  and  undertaking  to  provide  for  himself 
a  guide  for  entering  and  leaving  the  railway  carriage.  Instead  of 
increasing  the  difficulties,  Little  thinks  that  special  traveling  facilities 
should  be  afforded  the  blind,  by  reduced  fares,  as  has  been  very 
eommoidy  tlie  custom  in  the  TTnited  States. 

Education  of  the  ophthalmologist.    See  Pedagogy. 

Eel's  blood.  The  irritant,  not  to  say  toxic,  eff'ects  of  this  agent  have 
l)cen  many  times  reported.  Among  them  Takashima  {Ophthalmic  Year- 
Book,  p,  106,  1913)  has  carried  out  experiments  to  determine  the 
effect  of  eels'  blood  on  the  conjunctiva  of  animals,  and  concludes  that 
by  simple  instillation  into  the  conjunctival  sac  it  produces  very  slight 
injury  to  the  epithelium  or  to  the  subconjunctival  tissues.  When 
applied  to  the  conjunctiva  where  the  epithelium  has  been,  injured  it 
excites  an  inflammation  whicli  cannot  be  looked  on  as  harmless.  The 
grade  of  the  inflammation  is  moreover  dependent  on  the  degree  of 
absorption  of  the  toxin. 

Pollot  and  Rallson  have  noted  the  occurrence  of  acute  conjunctivitis 
after  contact  with  the  blood  of  an  eel.  In  two  cases  observed  liy  Stein- 
dorff  {()})]itJi(iInii<:  Hcvvw,  p.  319,  October,  1911)   in  whicli  the  con- 
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taininatioii  oi'  tlu'  eoiijuiietiva  occurred  when  an  eel  was  being  cut  up, 
there  was  very  severe  reaction.  In  one  of  the  cases  this  set  in  instantly, 
in  the  other  after  the  lapse  of  a  few  minutes.  After  a  few  days  all 
acute  symptoms  passed  off,  though  in  one  of  the  cases  there  was  for  a 
time  a  fine  corneal  haze :  in  one,  accommodative  asthenopia  remained 
for  a  considerable  time.  Steindorff'  experimented  with  eats,  rabbits, 
and  guinea-pigs,  endeavoring  to  produce  reaction  by  introducing  eel's 
blood,  but  without  result.  See,  also,  Toxic  amblyopia. 
Eel,  The  eye  of  the.  The  common  eel.  Anguilla  rostrata.  Rela- 
tively little  is  known  about  the  eyes  of  that  important  animal  the  eel. 
A  recent  and  authentic  account  of  this  interesting  fish  is  given  in  the 
Geographic  Magazine  for  October,  1913.  According  to  this  authority 
the  habits  of  the  eel  at  the  time  of  spawning  are  entirely  unknown. 
Whether  the  eggs  are  laid  in  deep  water,  in  intermediate  depths,  or  at 
the  surface  is  as  yet  only  a  matter  of  surmise.  It  is  established,  how- 
ever, that  eggs  are  deposited  outside  of  the  1,000-meter  curve  (that  is 
to  say,  the  eggs  are  never  deposited  in  water  less  than  1,000  meters 
deep),  and  that  they  hatch  at  or  near  the  surface,  where  they  are  car- 
ried by  their  natural  buoyancy. 

Just  what  becomes  of  the  eels  after  spawning  is  not  known.  The 
conger  eel,  a  strictly  marine  species,  undergoes  a  general  degeneration 
or  jellification  of  its  tissues  after  the  spawning  act,  and  it  is  supposed 
that  the  common  eel  meets  with  the  same  fate. 

Larval  eels  have  been  collected  all  the  way  across  the  North  Atlantic, 
from  25°  to  45°  north  latitude.  Much  new  material  of  a  very  inter- 
esting character  was  obtained  in  1910  by  Sir  John  Murray  and  Dr. 
Johan  Hjort  during  their  notable  cruise  in  the  Norwegian  government 
steamer  Michael  Sars.  The  larval  eels,  or  leptocephali,  as  they  are 
scientifically  known,  frequent  the  surface  waters,  and  may  l)e  caught 
in  large,  fine  meshed  tow  nets.  They  possess  very  feeble  swimming 
powers,  and  it  is  evident  that  their  movements  are  controlled  largely 
by  tides  and  currents.  The  smallest  specimens  are  found  in  mid-ocean 
south  of  the  Azores,  which  is  the  spawning  ground  for  the  European 
eel  and  probably  also  for  the  American  eel.  It  is  not  easy  to  under- 
stand how  the  American  eel,  in  the  course  of  its  metamorphosis,  reaches 
the  shores  of  the  United  States  and  Canada,  but  it  is  clear  that  the 
gulf  stream  carries  the  European  species  to  the  coasts  of  western 
Europe.  As  the  coasts  of  the  continents  are  approached,  the  larvae 
average  larger  and  larger;  none  are  ever  found  near  land  that  are  as 
small  as  all  of  those  taken  in  the  Sargasso  sea. 

Some  eels  remain  in  the  lower  parts  of  the  streams  and  move  back 
and  fortli  in  the  bays  and  estuaries,  and  others  press  on  to  tlie  head- 


EFEDRINA  4161 

waters,  often  surinoiintiHg  obstractions  that  would  be  impassable  for 
other  fish,  and  remain  there  until  full  maturity  is  attained. 

In  the  fall  the  eels  which  have  been  living  in  the  fresh  waters  and 
have  attained  their  full  grow^th  undergo  peculiar  changes.  The  eyes 
in  the  males  become  nearly  twice  the  normal  size,  and  l)Oth  sexes  lose 
their  dirty  yellow-green  color  and  become  silvery.  Such  eels  migrate 
downstream,  traveling  mostly  at  night,  and  eventually  reach  the  sea, 
where  all  trace  of  them  is  lost.  Their  behavior  in  the  sea,  the  depths 
at  which  they  swim,  their  rate  of  travel,  and  whether  in  scattered  bodies 
or  in  compact  schools,  are  some  of  the  still  obscure  phases  in  the  eel's 
life. 

The  next  evidence  of  these  eels  is  met  with  on  the  high  seas,  far  from 
land,  in  the  form  of  their  young  progeny.  The  larval  eel  is  such  a 
very  different-looking  creature  from  the  adult  that  no  person  not  prop- 
erly instructed  could  by  any  possibility  recognize  it.  It  is  compressed 
laterally  to  the  thinness  of  a  visiting  card ;  it  has  a  small  head,  large 
eyes,  formidable,  but  apparently  non-functional,  teeth  that  project 
forward  and  laterally ;  and  the  body  is  transparent  throughout,  the 
fish  being  practically  invisible  except  for  its  glistening  black  eyes. 

The  larval  eel,  known  as  the  leptocephalus,  undergoes  an  extraor- 
dinary metamorphosis.  It  remains  at  sea  for  about  one  year,  during 
which  time  it  attains  a  length  of  three  inches.  Its  larval  state  has  then 
reached  its  climax,  and  in  its  subsequent  growth  for  a  time  the  eel 
actually  becomes  smaller !  There  is  a  gradual  change  in  form  from  the 
ribbon-like  to  the  cylindrical,  a  shortening  of  the  body  and  of  the  in- 
testine, and  a  gradual  assumption  of  the  eel-like  appearance. 

Fresh  water  has  a  great  attraction  for  the  young  eels,  and  as  soon 
as  they  reach  the  (toasts,  to  which  they  are  wafted  by  currents  and 
winds,  they  seek  fresh-water  streams  and  begin  to  ascend  them.  When 
they  first  arrive  they  have  little  pigment  in  their  skin,  but  they  quickly 
acquire  a  brownish  color,  and  by  the  time  they  arrive  far  upstream 
they  have  become  quite  dark. 

Efedrina.     (It.)     Ki)he(Iriii. 

Effective  aperture.     Workim;   aperture.     That  part  of  the  aperture 
of  the  lens  actually  used  to  obtain  the  image. 

Effective  rays.  In  optics,  the  rays  that  are  utilized  in  their  passage 
tliroiiuli  a  lens  whose  aperture  is  the  base  of  a  cone  of  light,  or  ray- 
bundle,  having  its  vertex  at  a  point  of  the  object  in  the  ohjcct-spacc, 
or  at  a  conjugate  point  of  the  image  in  the  inuigc-spacc.  As  the  degree 
of  perfeetio)!  of  the  image  depends  upon  the  ray-inclinations  to  the 
axis,  and  on  the  heights  above  or  below  the  axis  where  the  rays  inter- 
sect  the  Icns-suJ'faees,  etc.,  it  is  neeessnry  to  limit  the  extent   of  the 
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object  that  is  to  be  reproduced  in  the  image;  wherefore,  an  aperture- 
stop  (see  Vol.  I,  p.  533,  of  this  Encyclopedia)  is  used  to  admit  only 
those  bundles  of  effective  rays  that  are  actually  required  to  produce 
the  perfected  image.  See  also  Slope-angle,  Entrance-pupil  and  Exit- 
pupil.— (C.  F.  P.) 

Efferent.  Carrying  or  leading  out  of;  said  of  nerves,  vessels,  or  ducts 
which  extend  from  an  organ ;  as,  for  example,  efferent  nerves,  efferent 
vessels,  etc. 

Effleuveation.  Treating  malignant  and  other  tumors  by  the  high-fre- 
quency current.    See  Electrocoag-ulation, 

Egal.    (F.)    Equal. 

Egare.  (F.)  Expressing  a  state  of  suffering  consequent  upon  an  ex- 
ternal cause ;  generally  said  of  the  countenance  and  eyes  of  the  sick. 

Egg  tester.  A  simple  optical  instrument  for  determining  the  trans- 
parency of  eggs. 

Egg,  The,  in  ophthalmology.  The  film  or  inner  membrane  of  the  hen's 
egg  has  been  employed  in  operative  ophthalmic  surgery.  For  example, 
Coover  and  Black  advises  its  use  to  prevent  adhesions  following  lime 
burns  and  other  injuries  of  the  conjunctival  sac.  A  fatty  oil  is  also 
obtained  by  expression  from  the  yolks  of  fresh  eggs.  Its  chief  oph- 
thalmic use  is,  abroad,  as  a  popular  remedy  for  the  removal  of  corneal 
opacities. 

Henderson  {New  York  Med.  Jour.,  Feb.  1,  p.  261,  1913)  relates  his 
own  experience  of  a  toxic  amblyopia  arising  from  the  ingestion  of 
lightly-cooked  eggs.  The  first  attack  occurred  at  the  age  of  fourteen 
years.  The  symptoms  were  those  of  acute  migraine  with  contralateral 
blindness.  Subsequent  attacks  occurred  without  blindness.  Since  the 
age  of  twenty-three  the  attacks  have  always  come  on  in  a  definite  man- 
ner when  he  was  in  the  best  of  health.  The  ocular  symptoms  were 
the  too  bright  appearance  of  objects,  followed  by  an  inability  to  read. 
Later  the  migraine  would  set  in.     Hard-boiled  eggs  proved  innocuous. 

Egout.    (F.)    A  sewer.    The  drainage  or  issue  of  an  ulcer. 

Egout  nasal.    (F.)    The  nasal  orifice  of  the  lachrymal  duct. 

Egypt,  History  of  ophthalmology  in.  Our  earliest  account  of  ancient 
Egyptian  ophthalmology  is  also  our  fullest  and  best.  It  is  found  in  a 
document  known,  from  the  name  of  its  discoverer  as  the  papyrus  Ebers. 
See  Ebers,  Georg  Moritz. 

Some  of  the  more  important  diseases  and  the  remedies  therefor,  as 
given  in  this  ancient  manuscript,  are  as  follows : 

1.  For  "Blood  in  the  Eyes,"  which  meant,  probably,  either  conges- 
tion of  the  conjunctiva  or  subconjunctival  ecchymosis  (hyphema) 
were  used  verdigris,  antimony,  and  powdered  wood. 
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2.  For  "Tear-Eyes"  (epiphora)  were  employed  incense,  boiled  papy- 
rus, acacia  gum,  antimony  and  water. 

3.  For  "Dimness  of  Sight"  (cataract,  corneal  opacities,  and  possibly 
other  conditions)  the  Egyptians  recommended  in  the  early  stages, 
swamp  water;  later,  compresses  of  antimony  and  honey.  A  favorite 
prescription  was  honey  mixed  with  excrement  from  a  child. 

4.  For  "Blear  Eyes"  (trachoma)  equal  parts  of  verdigris  and  onions 
were  mixed  together  and  laid  on.  Various  sorts  of  eye-water  (collyria) 
were  also  employed.  Trachoma  was  then,  as  now,  in  Egypt,  a  terrible 
and  wide-spread  curse. 

5.  For  "Pain  in  the  Eye"  an  ointment  was  employed  consisting  of 
antimony  and  charcoal. 

6.  For  "Narrowing  of  the  Pupils"  frequent  poulticing  with  a  solu- 
tion of  saltpeter  and  ebony-shavings. 

7.  For  "Stone  in  the  Eye"  (by  which  is  meant,  no  doubt,  concre- 
tions in  the  meibomian  glands)  antimony,  vermillion  (red  lead)  plum- 
bagin  and  natron, 

8.  For  "The  White-Becoming"  (leucoma  and,  possibly,  cataract) 
the  brain  of  a  tortoise  mixed  with  honey. 

9.  For  "Turning  of  the  Eyes"  (strabismus)  equal  parts  of  tortoise 
brain  rubbed  up  with  oriental  spices. 

10.  For  "Bade"  (chemosis)  genuine  antimony,  w^ashed  in  the  milk 
of  a  woman  who  has  borne  a  male  child. 

11.  For  "Pus  in  the  Eye,"  of  clay,  honey  and  ricinus  leaves,  each 
one  ro.     (A  "ro "=0.0141  liter.) 

12.  For  "The  Mounting  of  Water  in  the  Eye"  (probably  cataract) 
genuine  lapis  lazuli,  verdigris,  crocodile  dung,  frankincense  and  milk. 
"Mix  these,  and  apply  them  to  the  eyes." 

13.  For  "The  Driving  Away  of  a  Swelling  on  the  Nose"  (dacryocys- 
titis). Antimony,  powdered  wood,  myrrh  and  dried  honey.  Rub 
into  the  eyes  for  four  days.  "Take  note  of  this,  for  it  is  surely  the 
right  application." 

14.  For  "The  Curving  of  Hairs  into  the  Eye"  (trichiasis,  distich- 
iasis,  entropion)  myrrh,  lizard-blood  and  bat-l)lood.  "Pull  out  the 
hairs  first ;  then  apply  this  to  the  eye,  in  order  that  it  may  be  rendered 
sound." 

In  the  period  covered  by  the  papyrus  Ebers,  according  to  the  testi- 
mony of  tliat  document  itself,  there  were  only  three  kinds  of  doctors — 
doctors  properly  so-called,  sui-geons,  and  magicians.  Tliere  were  no 
specialists  at  all.  In  the  time  of  Herodotus,  however  (5th  century 
B.  C),  matters  liad,  in  this  respect  at  least,  been  very  greatly  altered. 
Thus,  Herodotus  liiinsclf,  "Tlic  art  of  medicine  is  thus  divided  among 
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tlu'ui:  each  physician  applies  liimself  to  one  disease  only,  and  not 
more.  All  places  abound  in  physicians;  some  physicians  are  for  the 
eyes,  others  for  the  head,  others  for  the  teeth,  others  for  the  parts  about 
the  belly,  and  others  for  internal  disorders." — Euterpe,  84. 

Herodotus  has  also  preserved  an  interesting  anecdote  concerning  the 
greatest  two  ophthalmologists  of  Egypt  in  the  century  preceding  his 
own — Pentammon  and  Nebenchari.  Cambyses,  son  of  Cyrus,  king  of 
Pei-sia,  finding  that  his  mother,  Kassandane,  was  blind,  sent  to  Amasis, 
king  of  Egypt,  beseeching  him  to  dispatch  to  her  aid  the  greatest 
of  Egyptian  oculists,  whoever  that  might  be.  Amasis  sent  to  her 
Nebenchari. 

This  oculist,  on  arriving  in  Persia,  found  his  royal  patient  afflicted 
with  senile  cataract.  For  some  reason,  however,  he  hesitated  to  per- 
form an  operation,  until  one  day,  happening  to  hear  that  his  king, 
Amasis,  had  also  gone  blind  from  the  same  affection,  and  that  he  had 
been  successfully  operated  on  by  Nebenchari 's  great  rival,  Pentammon, 
the  timorous  Nebenchari  took  heart,  operated  (by  couching)  and 
restored  to  Kassandane  her  sight.  This  procedure,  then  called  "cut- 
ting the  skin  that  covers  the  pupil  of  the  eye,"  is  said  to  have  been. in- 
vented by  Nebenchari. 

War  between  Persia  and  Egypt  seems  to  have  grown  out  of  this 
oculistic  incident.  At  all  events,  Herodotus  {Thalia,  III,  1)  holds 
the  following  language :  ' '  Against  this  Amasis,  Cambyses,  son  of 
Cyrus,  made  war,  leading  with  him  both  others,  his  own  subjects,  and 
of  the  Grecians,  lonians  and  Aeonians.  The  cause  of  the  war  was  this : 
Cambyses,  having  sent  a  herald  into  Egypt,  demanded  the  daughter 
of  Amasis;  and  he  made  this  demand  at  the  suggestion  of  an  Egyptian 
physician,  who  out  of  spite  served  Amasis  in  this  manner,  because,  hav- 
ing selected  him  out  of  all  the  physicians  in  Egypt,  and  torn  him  from 
his  wife  and  children,  he  had  sent  him  as  a  present  to  the  Persians, 
when  Cyrus,  having  sent  to  Amasis,  required  of  him  the  best  oculist 
in  Egypt.  The  Egyptian,  therefore,  having  this  spite  against  him, 
urged  on  Cambyses  by  his  suggestions,  bidding  him  demand  the  daugh- 
ter of  Amasis,  in  order  that  if  he  should  comply  he  might  be  grieved, 
or,  if  he  refused,  he  might  incur  the  hatred  of  Cambyses.  But  Amasis, 
dreading  the  power  of  the  Persians,  and  being  alarmed,  knew  not 
whether  to  give  or  to  deny ;  for  he  was  well  aware  that  Cambyses  pur- 
posed to  take  her,  not  as  his  wife,  but  his  mistress.  Having  considered 
these  things,  he  did  as  follows :  There  was  a  daughter  of  Apries,  the 
former  king,  very  tall  and  beautiful,  the  only  survivor  of  the  family; 
her  name  was  Nitetis.  This  damsel,  Amasis,  having  adorned  with 
cloth  of  gold,  sent  to  Persia  as  his  own  daughter.    After  a  time,  when 
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Cambyses  saluted  her,  addressing  her  by  her  father's  name,  the 
damsel  said  to  him,  '0  King,  you  do  not  perceive  that  you  have  been 
imposed  upon  by  Amasis,  who,  having  dressed  me  in  rich  attire,  sent 
me  to  you,  presenting  me  as  his  own  daughter;  whereas,  in  truth,  I 
am  the  daughter  of  Apries,  whom  he,  though  he  was  his  own  master, 
put  to  death  after  he  had  incited  the  Egyptians  to  revolt.'  These 
words  in  this  accusation  induced  Cambyses,  the  son  of  Cyrus,  being 
greatly  enraged,  to  invade  Egypt." 

After  the  founding  of  Alexandria,  the  ophthalmology  of  Egypt  was, 
as  to  that  city  and  possibly  as  to  other  strongly  Hellenizing  portions 
of  the  land,  precisely  that  of  Greece,  During  the  Roman  occupation, 
it  became,  of  course,  Greco-Roman.  Outside  the  more  strongly  Hellen- 
izing portions  of  the  land,  however,  the  ancient  indigenous  ophthalmic 
science  persisted,  and,  no  doubt,  remained  about  the  same  as  we  have 
seen  it  in  the  super-ancient  papyrus  Ebers. 

Then  came  the  IMohammedan  invasion  and,  in  640  A.  D.,  the  burning 
of  the  Alexandrian  library  by  the  ^lohammedan  general,  Amrou.  This 
put  an  end,  for  the  time  at  least,  to  Greco-Roman  medicine  in  Egypt. 
When,  however,  the  tierce  Arabians  had  come  to  know  the  value  of 
Greco-Roman  learning,  and  had  as  eagerly  mastered  it  as,  before,  they 
had  been  intent  on  stamping  it  out  of  existence,  they  then  not  merely 
restored  the  learning  of  the  ancients  (ophthalraolog>%  of  course, 
included)  to  the  portions  of  Egypt  in  which  that  learning  had  formerly 
existed,  but  they  gave  it  absolute  dominion  throughout  the  whole  of  tlie 
country ;  the  native  Egyptian  medicine  was  no  more. 

Of  all  the  Mohammedan  writers  on  the  eye,  the  greatest  by  far  was 
Ali  ben  Isa  (q.  v.)  whose  "Memorandum-Book  for  Oculists"  {circa 
A.  D.  1040)  remained,  in  Egypt,  the  greatest  authority  on  the  eye  until 
the  last  few  decades — during  which,  as  a  matter  of  course,  Moliam- 
medan  science  has  been  supplanted  to  a  very  great  extent  I)y  the  seienci' 
of  modern  Europe. 

The  war  against  ophthalmia — that  ancient  curse  of  Egypt — has,  since 
1903,  been  carried  on  with  a  very  great  deal  of  vigor  and  with  consid- 
erable success.  In  that  year,  "A  sum  of  £E41,000  was  placed  at  the 
disposal  of  Lord  Cromer,  then  British  Agent  in  Egypt,  for  the  relief 
of  sufferers  from  eye  diseases  by  the  liberality  of  Lord  Cassel."  Trav- 
eling hospitals,  consisting  of  a  number  of  Indian  tents,  have,  since 
that  date,  been  able  to  visit  most  of  the  larger  towns  in  pjgypt.  Under 
the  efficient  management  of  Dr.  A,  P,  INIacCallan,  enormous  good  has 
been  accomplished.  However,  the  task  is  almost  endless,  for,  according 
to  an  article  by  MacCallan  himself,  "out  of  43,668  patients  examined 
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during  1912,  6,939  persons  were  found  to  be  blind  in  one  or  both  eyes 
—that  is,  nearly  16  per  cent."— (T.  II.  S.) 

Egyptian  ophthalmia.  A  form  of  conjunctivitis,  nearly  always 
trachoma  (q.  v.),  characterized  by  the  unrestricted  formation  of  fol- 
licles, producing  permanent  granular  masses. 

Ehrlich's  theory.  An  immunity  theory.  See  Vol.  II,  p.  857,  of  this 
Encyclopedia. 

Eibe.    (G.)    Ovum. 

Eidoptometry.  (Obs.)  The  science  and  art,  or  the  act,  of  measuring 
visual  acuity.  The  word  is  illogically  formed  (literally,  it  means 
measurement  of  the  special  eye,  or  special  eye  measuring)  and,  there- 
fore, its  use  had  better  be  avoided. 

Eidoscope.     A  form  of  kaleidoscope. 

Eierschwamm.     (G.)     Poisonous  mushroom. 

Eierstock.     (G.)     Ovary. 

Eig-elbrandchen.     (G.)     Chalazion. 

Eilamides.     (L.)     The  meninges  of  the  brain. 

Eiloid.     Having  a  coil-like  structure  (said  of  certain  tumors). 

Einathmung.     (G.)     Inhalation.    Inspiration. 

Einaugig.     (G.)     Monophthalmic.    One-eyed.    Cyclopic. 

Einaugige  Binde.    (G.)    A  bandage  for  one  eye. 

Einaugigkeit.     (G.)     Cyclopia. 

Einbettung.  (G.)  Einbetten.  The  process  of  imbedding  a  microscopic 
object. 

Einfach.     (G.)     Simple. 

Einfache  Farben.     (G.)     Simple  colors. 

Einfacherig.     (G.)     Unilocular. 

Einfall.     (G.)     Incidence. 

Einfallsebene.     (G.)     The  plane  of  incidence. 

Einfallsloth.  (G.)  The  perpendicular  to  a  reflecting  or  refracting  sur- 
face at  the  point  of  incidence,. 

Einfallspunkt.  (G.)  The  point  at  which  an  incident  ray  strikes  a 
reflecting  or  refracting  surface. 

Einfallsstrahl.    (G.)    Incident  ray. 

Einfallswinkel.     (G.)     Angle  of  incidence. 

Einfettung.     (G.)     Inunction. 

Einfiihning.     (G.)     Insertion.    Introduction,. 

Eingang.     (G.)    Entrance. 

Eingangsoffnung.    (G.)    An  aperture  of  entrance.    Opening. 

Eingebogene  Augenwimpem.  (G.)  Incurved  lashes,  as  in  trichiasis  or 
entropion. 

Eingefallen.    (G.)    Sunken  ;  hollow  (said  of  the  cheek  or  eyes). 
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Eingekeilt.     (G.)    Impacted. 

Eingekriimmt.    (G.)    Bent  inward. 

Eingeschlossen.     (G.)    Incarcerated;  encysted. 

Eingewebt.     (G.)     Interwoven ;  interlaced. 

Eingriff.     (G.)     Any  surgical  procedure. 

Einheit.     (G.)     Unity;  a  unit. 

Einkehrung  der  Augenlider.    (G.)    Inversion  of  the  eyelids.    Entropion. 

Einklemmen.  (G.)  The  process  of  inclosing  a  microscopic  specimen 
for  purposes  of  section  between  two  pieces  of  tissue  which  can  be  cut 
readily,  such  as  cork,  elderpith,  etc. 

Einleitung.     (G.)     Introduction. 

Einpflanzung.  (G.)  An  implantation,  a  setting  in,  as  in  plastic  opera- 
tions. 

Einpolig.    (G.)    Unipolar. 

Einreibung.     (G.)     Inunction.    Embrocation. 

Einsauger.     (G.)     A  body  that  absorbs  light  and  heat. 

Einschielen.     (G.)     Convergent  strabismus, 

Einschlag.     (G.)     Injury ;  wound. 

Einschlagen.  (G.)  To  dress,  envelop  or  bandage;  also  to  strike  (said 
of  lightning). 

Einschmierkur.    (G.)    A  course  of  treatment  by  inunction. 

Einschneiden.     (G.)     To  incise;  also  an  incision. 

Einsehen.  (G.)  That  state  of  the  faculty  of  sight  in  which  only  one 
image  is  perceived  of  an  object  looked  at  with  both  eyes. 

Einspritzen.     (G.)     To  inject;  to  syringe. 

Einstellen.     (G.)     To  focus. 

Einstell-loupe.     (G.)     Focusing  magnifier. 

Einstellschraube.    (G.)    Focusing  screw. 

Einstich.     (G.)    Puncture. 

Eintauchung.     (G.)     Immersion. 

Eintrufelung.    (G.)    Instillation;  dropping. 

Eintropfelung.     (G.)     Instillation.     Dropping  (into  the  eye). 

Einwarts.     (G.)     Inward. 

Einwartszieher.     (G.)     An  adductor  muscle. 

Einwirkung.     (G.)     Action ;  influence. 

Einzelsehen.     (G.)     Simple  vision. 

Eis.     (G.)    Ice. 

Eischicht.     (G.)    An  albuminous  layer. 

Eisen.     (G.)    Iron. 

Eisenartig.     (G.)     Ferruginous;  chalybeate. 
Eisenbahn.     (G.)     A  railway. 
Eisenbahnbedienstete.    (G.)    Railway  employes. 
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Eisenbarth,  Joh.  Andreas.  A  Ilavarian  quack.  Born  in  Bavaria  in 
16G1,  he  became  an  itinerant  oculist,  rupture  specialist,  cutter  for 
stone,  and  hare-lip  operator.  His  patients  were  many,  but  seem  not  to 
have  fared  well.     Eisenbarth  died  in  1727.— (T.  H.  S.) 

Eisenchloriir.     (G.)    Ferrous  chloride. 

Eisenhut.     (G.)    A  vulgar  name  for  aconite. 

Eisenjodiir.    (G.)    Ferrous  iodide. 

Eisernnennige.     The  aniline  dye  known  as  Berlin  red. 

Eisenmittel.    (G.)    A  remedy  containing  iron. 

Eisensplitter.     (G.)     Fragments  of  iron. 

Eisensplitterverletzungen.     (G.)    Injuries  from  iron  fragments. 

Eisensteinstaub.     (G.)     Iron  rust. 

Eisenvitriol.     (G.)     Ferrous  sulphate. 

Eisumschlag.  (G.)  A  compress  w^et  with  ice-water;  also  a  bag  con- 
taining pounded  ice,  to  be  applied  to  the  eye  or  other  parts  of  the  body. 

Eiter.     (G.)     Pus. 

Eiteransammlung'.    (G.)    A  collection  of  pus. 

Eiterartig.     (G.)     Purulent,  pus-like. 

Eiterausfluss.    (G.)    A  discharge  of  pus. 

Eiterbeule.     (G.)    Abscess;  boil;  pustule. 

Eiterfluss.     (G.)     Flow  or  excretion  of  pus. 

Eitergeschwiir.     (G.)     A  purulent  or  suppurating  ulcer. 

Eiterkokken.     (G.)     Pyogenic  cocci. 

Eiterkorperchen.     (G.)     A  pus-corpuscle. 

Eiterkiigelchen.     (G.)     A  pus-corpuscle. 

Eiterpfropf.     (G.)     The  core  of  a  boil  or  other  suppurating  area. 

Eiterschale.     (G.)     A  pus-basin. 

Eiterstaar.  (G.)  A  collection  of  pus  in  the  field  of  the  pupil ;  formerly 
supposed  to  be  an  abscess  in  the  crystalline  lens.  The  so-called 
"putrid"  cataract. 

Eiterung.     (G.)     Suppuration. 

Eiterverbreitung.     (G,.)     ^letastatic  suppuration;  purulent  metastasis. 

Eiterzelle.     (G.)     A  pus-corpuscle. 

Eitrige  Bindehautentziindung.     (G.)     Purulent  conjunctivitis. 

Eitrige  Hornhautentziindung.     (G.)     Purulent  keratitis. 

Eitrige  Thranenschlauchentziindung.      (G.)     Purulent  dacryocystitis. 

Eiweiss.     (G.)     The  white  of  egg.    Egg  albumen. 

Eiweissgifte.     (G.)     Albuminoid  poisons. 

Ekel.     (G.)     Nausea. 

Ekl,  Max  August.  A  German  ophthalmologist,  concerning  Avhom  noth- 
ing at  all  is  known,  except  that  he  wrote  "Von  der  Thranensaekfistel" 
(Munich,  1852).— (T.H.  S.) 


EKTROPIONIREN  DER  LIDER  4169 

Ektropioniren  der  Lider.     (G.)    Eversioii  of  the  lids. 

Elancement.     (F.j    Severe  lancinating  pain;  a  neuralgia. 

Elaphia.  (L.)  A  complaint  observed  chiefly  in  stags,  but  also  seen 
in  liorses;  characterized  by  general  rigidity,  cardiac  excitement,  and 
rolliug  of  the  eyes. 

Elastic  fibres.    See  Elastic  tissue. 

Elastic  tissue.  Elastic  fibres.  This  tissue  plays  an  important  role  in 
various  normal  and  abnormal  constituents  of  the  ocular  apparatus,  and 
its  diseases.  It  is  only  necessary  to  mention  a  few  of  these,  such  as  the 
conjunctiva,  cornea,  sclerotic,  lens,  pinguecula,  pterygium,  etc. 

Elaterium.  This  agent,  the  sediment  of  the  juice  of  the  s(iuirting 
cucumber  (Echallimn  elaterium),  is  well  known  as  a  drastic  purgative. 
Its  relations  to  ophtlialmology  are  confined  to  one  or  two  oliservations 
concerning  the  elfects  of  the  fresh  juice,  which  had  found  its  way  into 
the  eye,  generally  by  "squirting."  Moissonnier  {Clin.  Ophtal.,  p.  631, 
1901)  gives  an  account  of  one  of  these  accidents.  Almost  the  same 
symptoms  produced  in  this  instance  were  also  found  by  (iabrielides 
{Arch.  d'Ophtalm.,  p.  631,  1909)  in  another  case  in  which  the  juice  set 
up  a  temporary  ])ut  well  marked  edema  of  the  lids,  with  chemosis  aud 
small  liemorrhages.  In  all  probability  it  was  the  poisonous  and  highly 
irritant  active  principle,  elaterin,  that  produced  the  local  inflam- 
mation. 

Elaterometer.    Elatrometer.    A  pressure  gauge. 

Elatine.     (F.)    Aqueous  emulsion  of  tar. 

Elayle.      (F.)     Etliylenc 

Elderflower  water.    See  Sambucus. 

Electifs.     (F.)     In  ancient  medicine,  specific  remedies. 

Elective  filtration.  Filtering  of  the  serum  of  the  blood  through  organic 
membranes,  due  to  tlic  fact  that  the  power  of  adhesion  of  the  capillary 
cavities  of  organic  mciiibi-anes  to  adjacent  substances  is  greater  for 
material  charged  with  saline  matter  than  for  alljuiiiinoid  siil)stanfes 
mixed  witli  the  water  or  salts  in  the  serum. —  (Fostei-. ) 

Electrargol.  According  to  the  report  {Jonrn.  A.  M.  A.,  June  6,  1914) 
of  the  Council  on  Pharmacy  and  Chemistry  of  the  American  Medical 
A.ssociation  tliis  drug  is  a  colloidal  solution  of  silver  containing  a  small 
percentage  of  sodium  arabate.  It  contains  silver  ecpHvalent  to  0.25 
per  cent,  metallic  silver  (Ag"). 

Electrargol  is  claimed  to  be  antiseptic  and  gcM'micidal  and  non-ii'ri- 
tating  even  wlicn  injected  liypodcfmicall y  or  inti'avenously. 

Tt  is  (claimed  to  be  uscliil   in   febrile  diseases,  even  those  which  are 
not  of  a  septic  character.      It   is  also  said  to  be  useful  when  applied 
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locally  in  inflammatory  conditions,  and  it  has  been  used  in  surgical 
cases. 

Subcutaneously,  intramuscularly  or  intravenously  it  is  used  in  doses 
of  from  5  to  25  cc.  after  being  made  isotonic  by  the  addition  of  sodium 
chlorid  solution. 

Supplied  in  the  form  of  ampules,  each  containing  electrargol  5.0 
cc.  (75  minims)  in  the  non-isotonized  condition. 

The  package  contains  a  solution  with  directions  for  the  extempora- 
neous isotonization  of  the  preparation. 

Supplied  for  surgical  use  in  bottles  each  containing  electrargol  50 
cc.  (1.7  fluidounces)  isotonized  by  sodium  sulphate. 

Electrargol  is  prepared  by  passing  an  electric  current  in  the  form 
of  an  arc  between  two  silver  electrodes  in  distilled  water.  It  is 
made  stable  by  the  addition  of  sodium  arabate,  which  is  prepared  by 
acting  on  acacia  (gum  arable)  with  hydrochloric  acid,  precipitating 
the  resulting  arable  acid  with  alcohol  and  neutralizing  the  arable  acid 
with  sodium  carbonate. 

Electrargol  is  an  odorless,  tasteless  liquid,  appearing  transparent 
and  reddish  brown  by  transmitted  light  and  opaque  and  gray  by 
reflected  light.  The  addition  of  potassium  cyanide  solution  or  of 
strong  nitric  acid  yields  a  colorless  transparent  solution.  The  nitric 
acid  solution  yields  a  white  turbidity  on  the  addition  of  chlorids. 

Medeiros  {La  Clin.  OpJit.,  p.  600,  1910)  claims  that  electrargol  has 
a  place  in  ocular  therapeutics.  He  finds  it  a  bactericide  which  pene- 
trates the  tissues,  its  solutions  are  stable  and  it  is  "absolutely  innoc- 
uous. ' '  By  its  use  Medeiros  has  observed  benefit,  or  hopes  for  it,  in  a 
large  number  of  ocular  inflammations. 

Tristaino  {Arch,  di  Ottal.,  Vol.  21,  p.  137,  1913)  writes  on  his  ex- 
perience in  the  use  of  the  drug,  both  by  injection  and  by  instillation, 
in  the  Palermo  clinic.  He  concludes  that  when  used  as  a  preventive 
electrargol  allows  the  undertaking  of  operative  procedures  which 
would  otherwise  be  unsafe ;  that  it  accelerates  somewhat  the  process 
of  wound  healing;  that  in  various  suppurative  and  inflammatory 
processes  it  has  a  decided  therapeutic  efficiency,  and  that  it  does  not 
cause  pain,  either  when  instilled  or  by  injection,  but  on  the  contrary 
has  a  sedative  effect. 
Electr-Hg.  A  proprietary  remedy  marketed  by  Lcs  Lahoratories  Clin. 
Bruno  {La  CUnique  Ophtal.,  March,  1913)  speaks  of  its  use  in  oph- 
thalmic therapeutics  and  describes  the  product  as  consisting  of  an 
aqueous  suspension  of  ultramicroscopic  particles  of  pure  mercury.  It 
is  non-toxic  in  ordinary  doses,  and  easily  absorbed,  because  of  its  fine 
division.     Observations  in  six  cases  fully  reported  show  effectiveness. 
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The  writer  never  uses  salvarsan  in  eye  diseases,  because  of  its  known 
deleterious  eflt'ect  upon  the  optic  nerve.  He  states  that  this  colloidal 
preparation  may  be  utilized  in  any  form  of  syphilis,  and  it  will  replace 
calomel  in  eye  diseases,  being  less  inconvenient  and  more  readily  dif- 
fusible. 

Electric-blindness.    See  Electric  ophthalmia. 

Electric  cataract.  Althougli  this  subject  has  already  been  discussed 
in  Vol.  II,  p.  1488,  of  this  Encyclopedia,  it  may  be  added  here  that  a 
number  of  recent  cases  of  lenticular  opacities  have  been  reported,  due 
apparently  to  the  electric  shock  or  to  the  intensity  of  the  electric  light. 
One  of  these  is  reported  by  Ortin  {ArcMvos  cle  Oftahnologia,  Sept., 
1911).  Two  men  on  mules,  and  another  on  foot,  received  the  shock  of 
a  sudden  electric  discharge  as  they  were  passing  a  pole  which  sup- 
ported an  electric  cable.  The  first  two,  with  their  mules,  fell  to  the 
ground  unconscious.  On  coming  to,  vision  was  at  first  almost  absent, 
but  gradually  returned.  After  this,  however,  the  vision  of  one  of 
them  gradually  got  worse,  and  at  the  end  of  twenty-five  days  scarcely 
amounted  to  perception  of  light  and  dark.  The  second  man  experi- 
enced less  disturbance  of  vision.  Three  months  later,  at  examination, 
the  first  one  showed  complet^^  cataract  in  the  left  eye ;  the  right  eye  had 
some  retinal  disturbances,  with  vision  5/10.  The  second  man  had  a 
stellar  cataract  in  the  left  eye,  with  which  his  vision  was  fingers  at 
0.75  meter  ;  and  in  the  right  a  small  anterior  polar  cataract  had  reduced 
vision  to  5/35.  Operation  on  the  worse  eye  of  the  first  patient  resulted 
in  vision  of  5/15  witli  lens.  Both  men  were  lost  sight  of  soon  after 
this. 

Jocqs  {('Hn.  Ophtal.  xviii,  p.  170,  1912)  adds  one  from  his  own  prac- 
tice. He  concludes  that  the  common  features  of  all,  or  most  of  such 
cases,  are  the  late  appearance  of  the  lens  opacity  (from  one  to  many 
months  after  the  accident),  and  its  appearance  as  a  fine  stippling  or 
star-shaped  figure  in  the  anterior  cortex.  In  six  of  the  nine  cases  the 
cataract  was  unilateral. 

In  a  case  of  electric  catai'act  reported  by  Culbertson  (Amcr.  Jour. 
(>l>litli.,  v.  ;'.(»,  ]).  257,  191:} ),  Ihc  shock  was  due  to  lightning  transmitted 
by  the  telephone  receiver.  The  patient  was  a  woman  of  21  years.  The 
left  eye  developed  an  intense  iridocyclitis,  and  seven  months  later  this 
eye  was  lilind,  ;iii(|  the  fight  eye  nearly  so,  from  cataract.  Mills  {Arch, 
of  Ophtlt.,  v.  42,  p.  ;J95,  1918)  reports  a  case  in  which  the  patient,  a 
man  of  28  years,  received  a  current  of  11,000  volts,  which  passed  from 
head  to  foot,  lie  was  unconscious  for  seven  hours,  but  the  sight  was 
only  lost  sev(!n  nioiiths  hitci-.     The  center  of  the  anterior  capsules  was 
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most  aftVeted,  showing  dense  irregular  opacities.     The  left  iris  was 
adherent  to  the  capsule  at  the  temporal  margin. 

Hashimoto  {Ophthalmology,  p.  187,  Oct.,  1913),  in  a  case  of  electric 
cataract,  found  perinuclear  cataract  and  in  the  periphery  and  anterior 
surface  gray  dots  and  streaks.  The  current  had  500  volts.  He  also 
found  mydriasis,  incomplete  paresis  of  accommodation  and  concentric 
contraction  of  the  visual  field. 

Electric  condenser.  An  instrument  for  the  accumulation  or  storing  of 
electricity  by  its  conduction  from  a  non-insulated  surface  to  an  in- 
sulated one,  as  in  the  Leyden  jar.    See  Electricity. 

Electric  hand-lamp.  This  useful  little  instrument  is  commonly  em- 
ployed for  the  examination  of  the  eye  in  hospital  wards,  private  rooms, 


\W 


"\; 


'\. 


The  von  Gross  Eleetrie  Hand  Lamp. 

clinics  and  elsewhere.  The  lamp  of  von  Gross  is  one  of  the  most  iiseful. 
It  is  lighted  bj^  means  of  an  ordinary  dry  battery,  as  shown  in  the  il- 
lustration. "Flash"  lights  and  electric  "torches"  of  various  sizes, 
with  the  battery  forming  part  of  the  body  of  the  instrument,  are  now 
to  be  had  everywhere  and  are  useful  (and  more  convenient)  instru- 
ments for  the  same  purpose. 

Electric  head  mirror.  This  instrument  has  been  made  in  a  variety  of 
styles,  but  yet  very  simple  in  design.  One  of  the  best  is  the  Klar- Alex- 
ander mirror.  This  consists  of  a  concave  mirror  with  a  small  electric 
light  on  a  supporter  in  the  center  of  the  concavity.  Two  holes  are  cut 
in  the  sides  of  the  mirror  so  that  the  observer's  eyes  follow  the  same 
line  as  the  beam  of  light.  A  very  brilliant  and  satisfactory  illumina- 
tion is  secured. —  (E.  S.  T.) 

Electricity  in  ophthalmology,  ]Medical  electricity,  in  general. 
Faradism.  Galvanism.  In  addition  to  this  major  heading,  in  which 
the  waiter  presents  the  elements  of  electrical  science,  especially  in  its 
oculo-therapeutic   relations,   the   reader   is   referred   to   a    number  of 
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other  captions  under  which  several  additional  subjects,  mostly  electro- 
therapeutic,  are  fully  discussed.  These  are,  chiefly,  Phototherapy, 
to  include  those  methods  by  which  various  electric  lights  are  used  in 
the  treatment  of  ocular  disease  ;  Cataphoresis ;  X  rays ;  Diaphanoscopy 
(transillumination)  ;  Electrolysis;  ElectromagTiet,  and  various  other 
rubrics  under  Electro  and  Electric. 

Physicists  agree  that  heat,  light  and  electricity  depend,  relatively, 
upon  different  rates  and  forms  of  vibration  of  the  universal  ether, — 
heat  representing  the  least  frequent  rate  and  electricity  the  most  fre- 
quent of  the  three. 

Fundamentally,  all  forms  of  electricity  are  the  same.  The  effect 
of  the  current  varies  according  to  the  apparatus  employed  and  the 
method  by  which  the  current  is  produced.  These  differences  show 
themselves  in  the  relation  of  the  voltage  to  the  amperage  and  in  the 
amount  of  these ;  in  the  direction  of  the  current,  whether  in  a  direct 
course,  as  in  the  direct,  galvanic,  or  continuous ;  or,  in  reverse  direc- 
tions, as  in  the  alternating  or  sinusoidal ;  whether  it  is  a  primary 
current,  or  one  induced  by  a  primary  or  a  static  charge.  Further, 
the  frequency  of  the  interruption  of  the  current  modifies  very  much 
its  therapeutic  effect. 

We  shall,  in  this  section,  treat  briefly  not  only  of  the  electrical 
energies  used  dirccllii  in  medicine,  such  as  the  galvanic,  faradic, 
alternating,  high-frequency  and  static,  but  also  of  the  indirect  use 
of  electricity  by  means  of  the  x-ray,  electric  motors,  massage,  cautery 
and  lamps. 

FRICTIONAL    OR    STATIC    ELECTRICITY 

Franklin's  theory  of  frictional  electricity,  now  slightly  modified, 
was  that  all  bodies  possess  a  certain  amount  of  electricitj^  and  that 
friction  produces,  by  separation,  two  dissimilar,  simultaneous,  elec- 
trical states,  which  he  called  positive  and  negative ;  and,  that  if 
various  bodies  be  rubbed,  some  will  be  charged  with  positive  and 
others  with  negative  electricity;  and,  in  all  cases,  tiie  rubber  is 
charged  equally  with,  and  oppositely  to,  the  body  rubbed.  Further, 
if  the.s(!  objects  are  non-conductors,  as  glass,  etc.,  the  charge  will 
remain  on  their  surfaces.  Bodies,  whidi  conduct  electricity,  as  metals, 
may  be  electrified  if  tlu^y  are  insulated  by  a  non-conductor  such  as 
ebonite,  etc.  A  glass  ignition  rod,  rubbed  with  flannel,  is  charged 
with  positive  electricity,  the  flannel  taking  a  negative  charge ;  while 
a  rod  of  sealing  wax  rubbed  with  flannel  is  ii(\cfativoly  electrificnl,  the 
flannel    becoming    positively    ele{;trifi<d. 

Tlie  rii])l)ed  glass  rod,  bold  near  some  small  bits  of  paper  induces 
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a  negative  charge  in  the  bits  and  attracts  them  to  itself,  when  they 
are  given  a  positive  charge  and  repelled.  The  negative  wax  rod 
would  electrify  the  papers  positively,  attract  them,  then  give  them 
a  negative  charge  and  repel  them.  That  is  to  say,  oppositely  charged 
bodies  attract  and  similarly  charged  bodies  repel  each  other. 

If  two  pith  balls  be  suspended  by  non-conducting  silk  threads 
and  charged  -|-  and  — ,  by  bringing  in  contact  with  the  left  one  an 
electrified  glass  rod,  and,  with  the  right  one,  an  electrified  wax  rod, 
the  two  balls  will  attract  each  other. 

The  electrophorus  is  not  only  a  generator  of  electricity  but  also 
a  carrier  thereof.  Suppose  the  lower  part  to  consist  of  a  sheet  of 
ebonite  grounded  and  the  upper  part  a  sheet  of  tin,  attached  to  a 
non-conducting  handle  of  ebonite  or  glass.  To  demonstrate  its  use, 
give  to  the  ebonite  sheet  a  —  charge,  by  rubbing  it  with  a  cat's 
skin.  Take  the  metal  cover  by  the  handle  and  place  it  on  the 
ebonite  sheet.  The  under  side  of  the  metal  sheet  will  be  charged 
-)-  and  the  upper  — .  Touch  the  upper  —  part  of  the  plate  with 
the  fingers  and  the  negative  charge  will  be  neutralized  by  a  positive 
current  flowing  from  the  earth  through  the  body  and  hand.  This 
will  leave  the  +  charge  on  the  metal  sheet,  being  bound  by  the  attrac- 
tion of  the  negative  on  the  ebonite.  If  the  cover  is  now  lifted,  the 
-\-  charge  is  freed  from  the  influence  of  the  ebonite  and  distributes 
itself  over  the  whole  surface.  If  the  cover  is  now  touched  by  the 
finger,  positive  sparks  appear. 

The  above  action  of  the  electrophorus  shows  that  if  an  insulated 
conductor  be  touched  while  it  is  under  the  influence  of  a  charged 
body,  the  conductor  acquires  a  charge  opposite  to  that  of  the  influen- 
cing body. 

A  static  machine  is  an  electrophorus  of  increased  efficiency;  and, 
like  it,  consists  of  two  parts,  one  for  producing  electric  charges — as 
does  the  ebonite  sheet — and  the  other  for  collecting  them — as  does 
the  cover.  The  quantity  of  charge  depends  upon  the  amount  of 
friction  and  the  extent  and  nature  of  the  surfaces  rubbed. 

The  static  machine  illustrates  the  principle  stated:  that  if  a  con- 
ductor is  touched,  while  charged  by  induction  or  influence,  it  acquires 
a  charge  opposite  to  that  of  the  influencing  charge.  It  also  illustrates 
reciprocal  accumulation. 

Imagine  three  insulated  conductors,  which  we  will  call  A.,  B.,  and 
C. ;  A.  and  B.  being  charged  respectively  -\-  and  — ;  C,  a  carrier, 
which  moves  to  A.  and  receives  -|-  charge.  If  touched,  while  it  is 
under  the  influence  of  A.,  it  will  receive  a  —  charge  and  can  carry 
it  to  B.     If  again  touched,  it  acquires  a  +  charge.    Let  it  return  to 
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A.  and  give  up  its  +  charge.  Thus  the  influenced  carrier  transports 
its  charge  and  adds  it  to  the  influencing  charges,  by  which  there  is 
reciprocal  accumulation  of  charge. 

The  action  of  the  machine  may  perhaps  be  most  readily  understood 
by  remembering  that  the  opposite  sectors  on  the  two  plates  act 
inductively  upon  each  other;  and  that  a  conductor,  in  contact  with 
the  influenced  sector,  carries  off  the  free  charge  of  the  same  sign  as 
the  influencing  sector  and  leaves  the  charged  sector  of  the  opposite 
sign :  e.  g.  +  gives  a  —  charge  and  —  gives  a  +  charge.  Again,  a 
current  always  flows  through  the  conductor  from  the  higher  poten- 
tial to  the  lower  or  neutral  potential.  Suppose,  in  the  machine,  some 
sector,  as  the  one  on  the  outer  plate,  opposite  Uj,  to  have  a  very  slight 
-\-  potential  or  charge.  This  initial  charge  is  probably  obtained  by 
the  friction  between  the  machine  in  motion  and  the  air.  Let  the 
initial  potential  of  the  outer  sector,  opposite  n^,  be  +.  By  induction, 
it  gives  a  —  charge  to  the  outer  surface  of  the  opposite  inner  sector 
and  an  equal  +  charge  to  its  inner  surface.  The  conductor  carries 
this  -\-  charge  from  n^,  to  the  sector  n^,  leaving  the  —  charge  to  be 
carried  by  each  inner  sector,  as  it  passes  n^^,  till  it  reaches  n^,  and  the 
collecting  —  comb.  At  the  same  time,  the  inner  sectors,  passing  n^, 
to  the  left  till  they  reach  n^,  and  the  collecting  -)-  comb.  Again, 
the  +  charges  of  the  inner  sectors  induce  -)-  charges  on  the  outer 
sectors,  which  are  carried  by  n4  to  Ug ;  leaving  the  —  to  be  carried  to 
n,  and  the  —  combs,  while  the  n^  brush  carries  +  charges  to  n^, 
which  move  to  the  left  to  the  -f  combs. 

Again,  Uj  n,  carries  the  induced  -j-  charge  at  n^  to  n,  and  the  inner 
sectors  collect  it  and  carry  it  to  the  +  combs ;  and,  opposite  n^,  induce 
a  -|-  charge  which  is  carried  to  n. ;  then  the  outer  sectors  carry  it  to 
the  +  combs.  At  n^,  the  bound  —  charge  is  carried  by  the  outer 
sectors  to  the  —  comb;  and  at  n^  the  free  —  charge  is  carried  by  the 
inner  sectors  to  the  —  comb.  While  this  induction  and  conduction 
of  charge  is  going  on  between  the  moving  sectors  when  opposite  the 
conductors,  there  is  also  a  great  addition  to  their  charges  by  mutual 
induction  of  +  and  —  charges  between  the  sectors,  not  opposite  the 
conductors.  Evidently  the  upper  outer  sectors  and  the  lower  inner 
sectors  carry  -|-  cbarges  to  tlie  combs;  while  the  inner  upper  and 
lower  outer  carry  —  charges  to  the  opposite  combs.  It  is  understood 
that  "inner"  in  the  diagram  is  the  outer  surface  of  the  front  plate. 
The  charges  of  the  plates  increase  until  the  gain  is  arrested  by  the 
loss  due  to  dissipation  and  leakage. 

A  machine  with  twelve  plates,  thirty  inches  in  diameter,  at  a  speed 
of  two  hundred  turns  a  minute,  gives  a  twelve  inch  spark  between 
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the  prime  conductors  and  the  enormous  potential  of  two  hundred 
and  fifty  thousand  volts,  while  the  quantity  of  current  is  only  .01 
ma.  So  great  is  the  electro-motive  force  of  frictional  electricity, 
that,  by  rubbing  an  ebonite  rod  with  a  cat's  skin,  the  writer  has 
demonstrated  a  voltage  of  one  thousand  by  means  of  an  astatic  volt- 
meter. 

The  resistance  of  the  plates  of  a  Iloltz  machine,  at  four  hundred 
and  fifty  revolutions  per  minute,  has  been  found  to  be  six  hundred 
and  forty-six  million  ohms.  This,  with  two  hundred  and  fifty  thou- 
sand volts  would  give  only  .4  ma. 

MAGNETISM 

The  word  magnetism  takes  its  origin  from  Magnesia,  a  district  in 
Asia  Minor,  where  loadstone,  a  magnetic  oxide  of  iron,  was  first  found. 

If  iron  filings  are  scattered  over  a  piece  of  paper,  which  is  held 
over  a  natural  or  electro-magnetic  bar  magnet,  they  will  tend  to 
arrange  themselves  in  curved  lines  around  the  magnet.  These  visible 
lines  represent  invisible  lines  of  force. 

"When  the  opposite  poles,  N.  and  S,.  of  two  magnets  are  held 
near  each  other,  the  filings,  or  lines  of  force,  tend  to  coalesce.  With 
like  poles,  N.  and  N.  or  S.  and  S.  the  filings  tend  to  repel  each 
other.  That  is  to  say,- — ^Unlike  poles  of  a  magnet  attract,  and 
like  poles  repel  each  other.  JNlagnetic  lines  of  force  have  the  dis- 
tinguishing characteristic  of  moving  in  curved  lines,  while  elec- 
trical energy  moves  in  a  straight  line.  In  the  use  of  the  eye 
magnet,  it  is  essential  to  remember  that  only  iron  can  be  magnetized. 
The  magnetizable  elements  are  called  paramagnetic.  If  a  magnetiz- 
able body  is  placed  near  the  positive  pole  of  a  magnet,  it  will  be 
magnetized  by  induction  with  a  negative  polarity :  if  placed  in  the 
field  of  the  magnet,  near  its  negative  pole,  it  will  receive  a  positive 
polarity. 

Bodies  which  cannot  be  magnetized  are  called  dia>magnetic.,  as, 
notably,  antimony,  copper  and  gold,  which,  ]>laeed  in  a  magnetic 
field,  try  to  direct  themselves  east  and  west  across  the  earth's  mag- 
netic lines ;  that  is,  they  tend  to  assume  a  position  at  right  angles  to 
the  exciting  magnet. 

A  small  magnetizable  body,  placed  near  a  magnet  of  any  strength, 
is  fully  saturated  with  magnetism,  and  the  magnet  attracts  it  with 
the  same  force  tliat  tlie  ])ody  attracts  the  magnet.  For  bodies  situated 
in  the  vitreous,  a  giant  magnet  is  necessary.  A  small  magnet  might 
suffice,  provided  it  could  come  in  contact  with  the  foreign  body;  but, 
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stirring  up  the  vitreous  with  the  tip  of  the  magnet  in  the  hope  of  a 
pleasant  meeting  with  the  foreign  body  usually  results  disastrously. 

All  magnets  magnetized  with  a  magnet  or  by  an  electric  current 
have  at  least  two  poles.  The  polarity  of  a  bar  magnet  can  be  readily 
ascertained  by  presenting  one  end  near  a  magnetic  needle.  If  the 
bar  attracts  the  north  end  of  the  needle,  it  shows  that  it  is  the  south 
end  of  the  bar;  if  it  repels  the  needle,  it  is  the  north,  end  of  the  bar. 

Induct ian  of  magnetism.  As  in  static  electricity,  a  charged  body 
first  induces  a  charge  in  a  neutral  body  and  then  attracts  it,  so  a 
magnet,  held  near  an  unmagnetized  body,  first  induces  magnetism 
in  it  and  then  attracts  the  body ;  and  this  magnetic  attraction  will 
take  place  across  all  substances  that  are  not  magnetic.  Soft  iron  is 
readily  magnetized  and  soon  parts  with  its  magnetism ;  while  hard 
steel  is  magnetized  wdtli  difficulty  but  remains  a  permanent  magnet. 

The  electromagnet.  For  therapeutic  use,  the  electro-magnet  is 
made  by  passing  a  direct  current  through  a  coil  of  wire  wound  around 
a  soft  core,  in  which  case,  the  core  parts  with  its  magnetism  as  soon 
as  the  current  is  turned  off.  Powerful  magnets  are  made  by  winding 
a  coil  around  each  arm  of  a  horseshoe-shaped  core  of  soft  iron,  across 
the  ends  or  poles  of  which  is  placed  a  keeper  or  armature. 

Mag^ietic  field.  In  a  bar  magnet,  curved  lines  of  force  pass  througli 
the  bar,  and  from  the  north  to  the  south  pole  of  the  bar  through  the 
air,  in  a  space  called  the  field  of  the  magnet.  Around  every  con- 
ductor carrying  an  electric  current,  there  are  magnetic  lines  of  force 
which  encircle  the  conductor  at  right  angles. 

Theory  of  magnetism.  When  a  magnet  approaches  a  magnetizable 
body,  the  particles  of  the  latter  are  magnetized  and  are  thereby 
turned  endwise  in  one  direction. 

In  a  glass  tube,  which  is  fined  with  iron  filings  and  stroked  from 
end  to  end  with  one  ])oh'  of  a  magnet,  the  filings  will  arrange 
themselves  endwise  and  tlie  tube  will  act  as  a  magnet.  Th(^  filings 
may  be  demagnetized  l)y  shaking  the  tube  and  deranging  tlie  filings. 
Completely  magnetized  piirticlcs  will  then  an-annv  Ihemsclvcs  along 
the  line  of  forec 

o  \LVANIs^r 

The  galvanic  or  direct  current  for  medical  use  is,  usually,  supi)lie(l 
by  a  direct  current  dynamo  for  street  lighting.  It  may  be  supplied 
by  the  chemical  action  of  battery  cells.  Where  available,  the  street 
current  is  the  most  satisfactory,  as  it  is  the  most  conveni(Mit  and 
most  uniform ;  the  voltage  being  kept  unchangeable  at  the  i)ower- 
house,  and,  gnifrally.  at    110  to  220  volts. 
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Notwitlistaiidiiig  its  almost  uuiversal  use  by  physicians — any  adverse 
result  to  the  patient  is  extremely  rare.  When,  on  the  contrary,  the 
street  lighting  is  produced  by  an  alternating  current  dynamo,  it  may 
be  transformed,  for  medical  use,  into  a  direct  current  by  means  of  a 
so-called  rectifier. 

BATTERIES 

In  a  chemical  battery,  the  plates  or  elements  should  differ  as  much 
as  practicable  in  their  capacity  of  being  acted  upon  by  the  battery 
fluid :  hence  carbon,  which  is  not  attacked,  and  zinc,  which  is  readily 
acted  upon,  are  generally  used.  The  current  is  said  to  "flow,"  or 
better,  to  be  transmitted  from  the  source  of  its  production,  as  from 
the  zinc  plate  or  from  the  dynamo,  around  the  circuit  to  its  source. 
This  may  be  illustrated  by  a  cell,  e.  g.  a  glass  tumbler,  a  zinc  and  a 
carbon  strip,  dilute  sulphuric  acid,  copper  wire,  and  a  galvanometer. 

The  chemical  affinity,  which  is  electrical,  of  the  acid  for  the  zinc 
produces  zinc  sulphate  and  an  energy  called  voltage,  a  force  which 
overcomes  the  resistance  of  the  circuit  and  produces  or  tends  to  pro- 
duce a  current.  Within  the  fluid,  the  zinc  is  the  positive  pole  and 
the  carbon  the  )iegative.  Outside  the  fluid,  the  carbon  becomes  the 
positive  pole  and  +he  zinc  the  negative ;  since,  in  the  circuit,  the  cur- 
rent flows  within  irom  the  zinc  to  the  carbon ;  and,  outside,  it  flows 
from  the  carbon  to  the  zinc. 

Wlien  the  factors  that  enter  into  the  production  of  a  current  are 
fully  comprehended,  the  greater  part  of  the  physics  of  electricity  is 
mastered.  It  is  not  easy  ^o  define  in  exact  language  the  nature  of 
these  factors,  and  the  conventional  terms  used  seem,  too  often,  inac- 
curate and  confusing. 

The  factors  are  known  as  voltage,  (electro-motive  force,  pressure 
or  tension),  resistance  and  current.  Voltage  is  the  force  or  energy, 
produced  by  chemical  or  physical  means,  which  generates,  or  tends 
to  generate,  a  current  of  electricity  by  forcing  it  through  a  resistance. 
Resistance  is  obstruction  to  transmission.  The  current  signifies  elec- 
tricity in  motion.  The  conventional  word  "flow"  of  a  current  is 
convenient;  but  electricity  does  not  literally  flow  (except  in  liquids) 
any  more  than  does  heat,  which  is  transmitted  along  a  conductor,  to 
the  distant  end.  So  a  dynamic  condition  of  an  electric  conductor  is 
transmitted  through  its  length. 

These  terms  may  be  better  understood  by  applying  them  to  hydro- 
statics and  heat.  A  water  reservoir,  a  discharge  pipe,  and  a  receiv- 
ing vessel  will  serve  as  an  illustration.  The  pressure  of  the  water 
is  directly  proportional  to  the  height  above  the  receiving  vessel.    This 
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pressure  is  analogous  to  electric  pressure  or  voltage,  and,  other  things 
being  equal,  the  amount  of  the  flow  of  the  current  of  water  or  elec- 
tricity depends  upon  the  pressure. 

Again,  the  degree  of  resistance  to  the  flow  of  the  water  is  relative 
to  the  size  of  the  pipe — being  inversely  to  the  square  of  its  diameter. 
Just  so,  the  resistance  to  the  flow  of  an  electric  current,  through  a 
conductor,  is  inversely  to  the  square  of  its  diameter.  A  cord  of  .1 
inch  diameter  has  four  times  the  resistance  of  a  cord  .2  diameter: 
hence  the  former  conducts  one  quarter  the  amount  of  current.  With 
a  given  pipe,  the  force  of  the  water  delivered  to  the  receiving  vessel 
is  the  same  at  any  instant  of  time  and  is  equal  to  the  pressure  divided 
by  the  resistance ;  while  the  amount  of  water  delivered  is  equal  to 
the  force  multiplied  by  the  time  of  flow.  Similarly,  the  force  or 
energy  of  a  current  is  the  same  at  any  instant;  but  the  amount  of 
the  current  is  the  force  multiplied  by  the  time  of  flow.  The  unit  of 
this  energy  is  one  ampere.  The  amount  of  the  current  is  one  ampere 
multiplied  by  one  second,  which  equals  one  coulomb. 

The  electric  units  of  pressure,  resistance  and  current  are  re- 
spectively volt,  ohm  and  ampere.  In  terms  of  the  factors,  or,  to  talk 
in  a  circle,  a  volt  is  the  electro-motive  force  required,  against  a  resist- 
ance of  one  ohm,  to  produce  a  current  of  one  ampere.  An  ohm  is  the 
resistance  required,  against  an  electro-motive  force  of  one  volt,  to 
produce  a  current  of  one  ampere.  An  ampere  is  produced  by  the 
electro-motive  force  of  one  volt  against  a  resistance  of  one  ohm. 
The  electro-motive  force  produced  by  one  Daniell  cell  is  1.14  volts. 

An  ohm  may  be  represented  by  the  resistance  of  a  copper  wire, 
two  hundred  and  fifty  feet  long  and  one  twentieth  of  an  inch  in 
diameter.  The  amperage  is  not  the  rate  of  flow  or  quantity  or  volume 
of  the  current,  as  is  frequently  stated.  It  may  be  defined  as  the 
amount  of  energy  which  the  magnetic  field  of  the  current  shows  in 
attracting  a  needle. 

The  amount,  volume,  quantity  or  rate  of  flow  of  the  current  is 
represented  by  the  amperage  multiplied  by  the  time :  that  is — one 
ampere,  multiplied  by  one  second,  equals  one  coulomb. 

Difference  of  potential.  If  a  different  potential  or  voltage  be  ap- 
plied to  each  end  of  a  conductor,  as  to  the  prime  conductors  of  a  coil, 
the  direction  of  the  current  will  be  towards  the  lesser  potential  and 
its  energy  will  be  the  difference  between  the  potentials. 

The  law  which  governs  these  three  factors  is  called  Ohm's  law, 
and  is  as  follows:  The  electro-motive  force  divided  ])y  the  resistance 
is  equal  to  the  current  or  intensity;  or,  using  the  units  of  these  fac- 
tors, one  volt  divided  by  one  ohm  equals  one  ampere.     That  is,  the 
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current  varies  directly  as  does  the  voltage  and  inversely  as  does  the 
resistance.  Or,  in  other  words,  the  resistance  remaining  constant, 
the  current  increases  or  diminishes,  as  the  voltage  increases  or  di- 
minishes: or  again,  with  the  voltage  remaining  the  same,  the  current 
is  increased  by  diminishing  the  resistance  or  decreased  by  increasing 
the  resistance. 

Having  the  volts  and  the  ohms,  the  amperes  are  estimated  by  divid- 
ing the  volts  by  the  ohms.  Having  the  volts  and  the  amperes,  the 
ohms  may  be  determined  by  dividing  the  volts  by  the  amperes.  Hav- 
ing the  ohms  and  the  amperes,  the  volts  may  be  determined  by  mul- 
tiplying the  ohms  by  the  amperes. 

As  an  aid  to  swift  calculation,  the  following  method  may  be  of 
value : — Let  the  volts,  ohms  and  amperes  be  represented  by  the  num- 
bers, respectively,  8,  4,  2.  Having  8  and  4,  the  unknown  is  determined 
by  dividing  8  by  4.  Having  8  and  2,  the  unknown  is  determined  by 
dividing  8  by  2.  Having  4  and  2,  the  unknown  number  is  determined 
by  multiplying  4  by  2.  This  rule  is  invariable  in  the  determination 
of  the  unknown  volts,  ohms  or  amperes,  when  any  two  of  these  factors 
are  known. 

For  medical  use,  an  ampere  represents  too  strong  a  current,  hence 
medical  meters  indicate  a  thousandth  of  an  amjiere,  or  a  milliampere. 
which  is  briefly  written  ma. 

What  do  the  dynamo  and  battery  supply?  In  answer  to  the  oft 
repeated  question  of  the  physician,  "How  much  current  will  a  given 
battery  furnish?"  Neither  the  battery  nor  the  dynamo  supplies  cur- 
rent. They  produce  voltage,  from  w^iich  current  is  derived.  The 
current  they  are  capable  of  producing  with  a  given  voltage  depends 
upon  the  amount  of  resistance  used  in  the  circuit.  If  there  were  no 
external  resistance,  as  of  the  body,  the  voltage  of  one  cell  would 
produce  as  much  current  as  that  of  a  hundred  cells  of  the  same  vol- 
tage connected  in  series.  By  series,  is  meant,  that  each  carbon  of  a 
cell  in  the  battery  is  connected  with  the  zinc  of  its  nearest  neighbor, 
and,  to  complete  the  circuit,  the  last  carbon  is  connected  with  the  first 
zinc. 

Assuming  a  pressure  of  one  volt  and  an  internal  resistance  of  Vi 

1  volt 

ohm  in  each  cell  joined  in  series:     One  cell  = =  4  a.    Four 

.25  ohm 
4  volts 

cells  = =  4  a. 

1  ohm 

Joining  four  cells  in  parallel  has  substantially  the  same  effect  as 
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if  all  the  elements  of  zinc  and  earbun  were  placed  in  one  large  cell, 
having  four  times  the  cubic  capacity  of  the  small  one;  and  joining 
all  the  zincs  together  and  all  the  carbons  together  is  equivalent  to  in- 
creasing their  size  four  times. 

The  difference  of  potential  in  the  two  large  plates  is  the  same  as 
that  between  the  two  small  plates.  In  the  large  cell,  the  sectional  area 
of  the  fluid  and  plates  is  increased  four  times,  therefore  the  resist- 
ance is  reduced  to  one  quarter  that  in  the  small  cell ;  then  1/4  -f-  4  = 

Ivolt 

1/16  ohm.     Hence  the  amperage  is  = =^  16  amp. 

1/16  ohm 

This  combination  gives  high  amperage  for  cautery  purposes. 

In  a  parallel  series  connection  of  batteries  each  pair  of  cells  has 
an  electro-motor  force  of  one  volt.  Two  pairs  of  cells  have  one  volt 
multiplied  by  two,  equalling  two  volts.  Each  pair  has  also  half  the 
resistance  of  one  cell,  that  is,  1^4  -^  2  =  l^  ohm  and  the  two  pairs  have 
y^   ohin    X    2   =   14    ohm.      The    amperage   in   this   combination    is 

2  volts 
^ =  8  amp.     It  will  be  noted  that  the  wattage  is  the  same  in 

1/4  ohm 
the  series,  parallel  and  multiple  connections  of  the  cells:  1.  4  volts 
X  4  amp.  —  16  watts.  2.  1  volt  X  16  amp.  =  16  watts.  3.  2  volts 
X  8  amp.  =  16  watts.  When  an  external  resistance,  such  as  that  of 
a  patient,  is  placed  in  the  circuit,  the  ma.  will  be  increased  nearly 
in  proportion  to  the  increase  in  the  number  of  cells  used.  Suppose 
the  patient  has  a  resistance  of  5000  ohms,  and  the  cell  a  resistance  of 

1  volt  1 

14  ohm.     With  one  cell,  the  current  is := a  nearly. 

5000.25  ohms      5000 
4  volts  1 

With   four  cells,   the  curi'cnt   is  = amperes,   nearly. 

5001  ohms       1250 
The  intci'iial  resistance  of  the  cell  is  so  small  that  it  adds  little  to  the 
external  I'esistance.     As  in  the  above  case,  one  cell  adds  Vi   o^^^  to 
the  5000.  and  four  cells  add  only  one  ohm ;  but  the  voltage  is  increased 
four  times  and  thus  yields  nearly  four  times  the  current  of  one  cell. 

Conduction  of  a  current.  Resistance  to  a  current  might  as  well 
be  expressed  in  terms  of  conduction.  A  good  conductor  has  a  low 
resistance  and  a  poor  conductor  a  high  resistance.  Among  the  metals 
which  are  good  conductors,  silver  and  copper  stand  at  the  head  of 
the  list.     Copper  is  used   in   making  electric  coils,  conducting  cords 
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and  electrodes  as  it  is  cheaper  than  silver  and  has  nearly  an  equal 
conducting  capacity. 

The  relative  capacity  of  the  metals  for  electric  conduction  very 
closely  corresponds  with  their  capacity  for  the  transmission  of  heat. 

The  means  of  measuring  a  direct  current  with  a  galvanometer. 
When  any  electric  current  passes  through  a  conductor,  it  sets  up  a 
magnetic  or  an  electric  field  consisting  of  lines  of  force  which  sur- 
round the  conductor  and  cut  it  at  right  angles.  If  an  iron  or  steel 
needle  be  placed  parallel  to  the  conductor,  it  will  be  magnetized  and 
tend  to  place  itself  in  line  with  the  lines  of  force  at  right  angles  to 
the  conductor :  the  end  of  the  needle,  moving  away  from  the  direction 
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Fig.  ]. 
Measuring  a  Direct  Current  with  the  Galvanometer. 


of  the  current  in  the  conductor,  being  made  the  north  pole  and  the 
end  moving  towards  the  conductor  the  south  pole. 

In  figure  1,  C.  and  D.  represents  the  binding  posts,  into  which 
are  inserted  the  cords  which  conduct  the  current.  If  the  positive 
cord  is  connected  with  C,  and  the  negative  with  D.,  the  current  will 
pass  through  the  coils  at  H.  H.  to  the  post  D.  (negative),  magnetizing 
the  needle  J.,  moving  it,  and  with  it  the  pointer  K.,  to  the  right  along 
the  scale  from  0.  to  30.  A  permanent  magnet  maintains  the  pointer 
K.  of  the  needle  J.  at  zero  and  acts  as  a  counteracting  force  to  the 
strength  of  the  magnetic  field  of  the  coils  H.  H. — the  strength  of  the 
current,  that  is  of  its  magnetic  field,  being  indicated  by  the  pointer. 
Usually,  there  are  two  scales  on  the  meter,  one  representing  ten 
times  the  values  of  the  other.  The  higher  values  are  secured  \>y 
shunting  the  current,  that  would  otherwise  pass  through  the  meter, 
through  a  resistance  coil  through  which  nine-tenths  of  the  current 
passes  and  allows  only  one-tenth  to  pass  through  the  meter. 

In  figure  18,  insert  the  plug  G.  to  connect  E.  and  F.    Then  suppose 
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the  combined  resistance  of  the  coils  H.  H.  and  I.  to  be  one  ohm,  of 
which  H.  H.  has  9/10  and  I.,  1/10.  The  current  that  passes  through 
each  coil  from  C.  to  D.  will  be  in  reverse  ratio  to  the  resistance;  one- 
tenth  of  the  whole  current  passing  through  H.  H.  The  patient 
connected  at  C.  and  D.  receives  the  whole  current  carried  by  the 
two  coils,  which  is  ten  times  as  much  as  passes  through  the  meter. 
The  current  which  passes  through  the  patient  is  registered  on  the  lower 
scale,  which  runs  from  0  to  300  ma. 

Meters  of  recent  make  are,  in  general,  nearly  accurate,  but  it  is 
best  to  test  one  before  measuring  such  small  doses  as  are  required 
in  the  treatment  of  the  eye.  The  test  can  be  made  by  connecting 
up  the  meter  with  a  standard  meter  and  comparing  the  result,  which 
should  not  differ  more  than  .5  of  a  milliampere.  Special  meters  can 
be  purchased  not  registering  over  100  ma. — quite  sufficient  for  our 
purpose.  They  are  more  accurate  than  those  measuring  a  stronger 
current. 

No  operator  should  use  a  direct  current  without  measuring  it,  any 
more  than  a  physician  should  administer  an  unmeasured  drug;  for, 
with  the  exception  of  the  x-ray,  there  is  no  current  so  likely  to  be 
harmful,  if  used  in  excess,  as  the  direct.  On  the  other  hand,  there 
is  no  current  that  affords  so  wide  a  range  of  usefulness  as  the  direct ; 
but  it  must  always  be  regulated  by  consideration  of  the  pathological 
condition  of  the  patient  and  his  susceptibility. 

GALVANOMETERS    AND    VOLTMETERS 

These  two  instruments  are  exactly  alike  in  principle  and  differ 
only  in  the  details  of  their  construction  and  in  their  uses.  In  fact, 
the  voltmeter  is  only  a  delicate  galvanometer.  If  the  resistance  is 
constant  in  the  circuit,  the  galvanometer  can  be  graduated  to  read 
l)oth  amperes  and  volts.  For  instance,  through  a  resistance  of  20 
ohms,  giving  1  ampere  of  current,  the  voltage  is  20  ohms  X  1  am- 
pere =  20  volts.  Hence,  every  ampere  or  fraction  thereof  represents 
20  volts  or  fraction  thereof.  But  when  the  resistance  is  variable, 
it  is  impossible  to  graduate  the  instrument  to  represent  the  volts. 
If  the  ohmic  resistance  is  not  20,  but,  say  40,  and  the  amperage  1, 
tbe  voltage  will  be  40  instead  of  20 :  that  is,  for  every  ampere  of  cur- 
rent, tlif  scale  should  read  40  volts — but  it  is  graduated  to  read 
20  volts.  The  ,L;;ilvanoineter  is  constructed  with  a  short,  thick  wire, 
ill  onlci-  1()  olT.T  ji  low  iiiliTiiiil  resistance  to  the  flow  of  the  current. 
Jt  is  always  coiinected  n|»  in  scries  in  the  circuit  and  measures  the 
current  in  any  part  ol'  il. 

A  galvanometer,  constructed  with  a  long,  thin  wire,  allows  only  a 
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delicate  current  to  pass  through  it,  and,  hy  the  intensity  of  the  cur- 
rent on  its  needle,  measures  on  a  scale,  in  volts,  the  pressure  that 
produced  the  current. 

1 

Let  the  resistance  of  the  meter  be  1000  ohms.     If  a  current  of 

1000 
of  an  ampere  or  1  milliampere  pass  through  it,  the  voltage  must  be  1 
1 

volt : ampere  X  1000  ohms  =  1  volt.    The  terminals  of  the  meter 

1000 
are  connected  across  the  circuit  and  the  same  voltage  passes  through 
the  meter  as  in  the  included  portion  of  the  main  circuit ;  for,  in  a 
divided  circuit,  the  voltage  in  a  branch  is  the  same  as  in  the  main 
circuit.  While  it  is  well  to  explain  the  principle  and  application  of  a 
voltmeter,  the  physician  has  practically  little  use  for  it,  as  he  is  con- 
cerned only  with  the  amount  of  the  current,  which  he  measures  with 
the  milliamperemeter. 

Current  controller  or  rJicostat.  Currents  are  controlled  for  medical 
use  by  a  rheostat.  Of  these,  there  are  two  popular  varieties;  the 
graphite — least  used ;  and  the  German  silver  coil.  The  graphite 
rheostat  is  less  durable  than  the  coil  and  has  the  undesirable  quality 
of  being  a  better  conductor  when  heated,  thereby  increasing  the 
initial  current  and  necessitating  constant  regulation  of  the  current. 
In  the  application  of  a  definite  amount  of  current,  it  is  immaterial 
in  what  way  it  is  controlled,  whether  by  a  rheostat  or  a  current  con- 
troller, so  far  as  the  amount  of  voltage,  or  the  effect  upon  the  patient 
is  concerned. 

The  resistance  of  a  given  conductor  to  a  current  is  inversely  pro- 
portional to  the  area  of  the  cross  section  of  the  conductor  and  directly 
proportional  to  its  length ;  hence,  the  combined  resistance  of  two 
conductors  of  equal  area  is  one  half  of  one  of  them.  If  any  number 
of  equal  conductors  be  connected,  separately  or  as  one,  with  a  source 
of  voltage,  they  all  receive  the  same  amount  of  voltage  but  the  current 
depends  upon  the  resistance.  Let  each  of  two  conductors,  having 
1000    ohms    resistance,    be    connected    separately    with    a   voltage    of 

100  volts 

100, — then  each  delivers  a  current  of =:  I  /lO  of  an  ampere  ; 

1000  ohms 
or,  combined,  =  1/5  a.    If  the  conductors  be  joined  in  a  parallel  man- 
ner, they  will  have  double  the  cross  area  of  one  and  give  the  same 
100  volts 

current  as  before :  i.  e. ==  1/5  a. 

500  ohms 
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The  rhcofome  is  an  instrument  for  making  and  breaking  either  the 
direct  or  induced  current.  The  wall  plate  rheotome  is  a  clock  work 
arrangement,  in  which  the  speed  is  regulated  by  a  pendulum  or  other- 
wise. The  number  of  interruptions  per  minutes  varies  with  the  speed 
of  the  clock  and  the  number  of  brushes  on  a  revolving  cylinder  which 
are  made  to  come  in  contact  with  one  of  the  three  springs. 

THE    INDUCED    OR    FARADIC    CURRENT 

This  is  the  current  produced  l)y  the  small  coil  of  the  usual  medical 
wall  plate. 

Faraday  discovered,  in  1831,  that  by  moving  a  magnet  near  a  closed 
circuit,  an  induced  current  would  be  produced  in  it;  and  also,  later, 
that  this  induced  current  could  be  produced  in  a  closed  circuit  when 
a  current  in  a  neighboring  closed  circuit  was  varied  in  strength,  by 
any  means. 

The  Faraday  vitig  is  an  induction  coil  and  the  first  transformer 
ever  constructed.  It  consists  of  a  ring  of  soft  iron,  around  which 
insulated  copper  wire  is  wound,  the  two  helices  being  separated  by 
an  uncovered  ring.  The  principle  of  this  ring  is  exactly  that  of  the 
induction  coil :  and  every  induction  coil  is  a  transformer.  The  bat- 
tery current  produces  in  the  coil  magnetic  lines  which  cut  the  loops 
at  right  angles,  making  them  an  electro-magnetic  coil;  the  magnetic 
lines  of  which  circulate  through  the  iron  ring  or  core  and  cut  the 
secondary  coil  at  right  angles  and  generate  a  current,  as  shown  by 
the  galvanometer,  when  the  battery  circuit  is  closed  or  opened. 

A  step-up  transformer.  If  the  primary  coil  is  made  of  100  loops 
and  the  secondary  of  5000,  the  electro-motive  force  in  the  secondary 
will  be  fifty  times  as  great  as  that  in  the  primary.  This  illustration 
of  a  step-up  transformer  might  be  reversed  to  show  that  of  a 
step-down  transformer  by  making  5000  loops  in  the  primary  coil 
and  100  in  the  secondary,  in  which  case,  the  voltage  of  the  secondary 

5000 

is =  50.     Tliis  ring  demonstrates  the  law  that  the  ratio  of  the 

100 
voltage  in  the  secondaiy  to  the  voltage  in  the  primary  is  as  the 
number  of  loops  in  the  secondary  is  to  the  numliei'  of  loops  in  the 
pj'imary.  On  the  contrary,  the  ratio  of  the  current  in  the  secondary 
is  to  that  in  the  primary  inversely  as  the  ratio  of  the  voltage  in  the 
secondary  is  to  thai  in  tlic  |)riinary:  for  example, — With  500  volts 
in  the  secondary  and  5  in  the  primary,  the  amperage  will  be  5  in 
the  secondary  and  500  in  tlie  i)rimary.     The  number  of  volts  X  the 
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number  of  amperes  in  the  primary — less  some  loss  in  the  transforma- 
tion— is  always  equal  to  the  number  of  volts  X  the  number  of  amperes 
in  the  secondary. 

The  amount  of  voltage  and  amperage  in  the  secondary  is  directly 
related  to  the  amount  of  current  in  the  primary,  to  the  density  of 
the  magnetic  field  and  to  the  frequency  of  the  linking  and  unlinking 
of  the  secondary  loops  by  the  magnetic  lines.  The  magnetic  flux  is 
equal  to  the  magneto-motive  force  divided  by  the  reluctance. 

The  magneto-motive  force,  in  the  secondary,  upon  which  the  voltage 
depends,  is  directly  related  to  the  current  in  the  primary,  to  the  fre- 
quency of  making  and  breaking  the  primary  circuit,  or  to  the  fre- 
quency of  the  revolutions  of  the  armature  of  a  dynamo. 

In  an  average  induction  coil,  giving  a  ten  inch  spark,  the  primary 
wire  consists  of  100  yards  of  copper  wire,  the  coil  diameter  264  mm., 
its  resistance  being  1/3  of  an  ohm.  The  secondary  is  ten  miles  long 
and  has  a  resistance  of  6500  ohms. 

The  direct  current  transformer.  The  apparatus  used  to  transform 
continuous  currents  is  a  motor-dynamo.  Two  armatures  are  wound 
on  one  shaft,  one  coil  receives  a  small  current  at  a  high  pressure, 
driving  the  other  which  acts  as  a  dynamo,  giving  a  larger  current 
at  a  low  pressure.  "The  windings  are  proportioned  to  the  voltages 
and  their  sectional  areas  to  the  amperes." 

An  alternating  current  traiisformer.  Instead  of  producing  an  al- 
ternating current  in  an  induction  coil  by  means  of  making  and  break- 
ing a  direct  current  in  the  primary,  an  alternate  current  street  dy- 
namo may  give  to  the  primary  coil  of  the  machine  an  alternating  cur- 
rent to  excite  the  secondary  coil  to  give  out  other  alternating  currents. 

If  a  coil  of  insulated  copper  wire  forms  a  circuit,  and  a  bar  magnet 
be  rapidly  inserted  into  or  withdrawn  from  the  hollow  of  the  coil, 
transient  currents  are  produced  and  the  current  is  much  the  stronger 
at  the  withdrawal.  If  the  magnet  is  placed  in  the  coil  and  left  mo- 
tionless, no  current  is  produced.  Whether  a  primary  current  or  a 
magnet  is  used  to  produce  induction  in  a  secondary  coil,  the  induction 
is  always  caused  by  the  invisible,  magnetic  lines  of  force  of  the  current 
or  magnet,  which  cut  the  loops  of  the  secondary  coil.  It  requires  one 
hundred  million  of  these  lines  to  produce  one  volt,  if  they  cut  one 
loop  of  the  coil  in  one  second;  or  one  million  lines,  if  they  cut  100 
loops  in  one  second.  In  practice,  when  an  induced  current  is  obtained 
by  the  motion  of  an  electro-magnet  electro-magnetic  coil,  the  process  is 
called  electro-magnetic  induction.  When  permanent  magnets  are  used 
to  produce  the  magnetic  lines  or  ' '  field  flux ' '  the  generator  is  called  a 
magneto-electric  machine  or  simply  magneto.    The  action  of  the  "hand 
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magneto"  depends  upon  an  arrangement  by  which  two  bobbins  of  wire 
are  revolved  by  hand  between  the  poles  of  a  permanent  magnet. 

Direction  of  the  induced  current.  A  magnet  is  given  its  distinct 
polarity  where  excited  by  a  current  in  a  certain  direction.  If  this 
magnet  is  witlidrawn  from  a  coil,  it  will  excite  a  direct  current  in 
the  coil, — that  is  a  current  in  the  same  direction  as  gave  the  magnet 
its  polarity.  The  current  caused  by  inserting  the  magnet  is  an  inverse 
current.  If  the  coil  is  moved  towards  and  from  the  magnet,  the  re- 
sulting current  will  have  the  same  direction  as  when  the  magnet  is 
moved  towards  and  from  the  coil.  The  same  effect  is  produced  upon 
the  secondary  conductor  or  coil  as  when  a  magnet  approaches  a  coil, 
that  is, — the  direction  of  the  current  in  the  secondary  is  opposite  to 
that  in  tlie  jjrimary.  Upon  breaking  the  circuit,  the  direction  of  the 
current  in  the  secondary  is  the  same  as  that  in  the  primary.  The 
secondary  current,  produced  by  the  opening  of  the  primary  circuit, 
is  so  much  stronger  than  the  secondary  which  is  produced  by  the 
closing  of  the  primary  circuit,  that  it  gives  a  severe  shock,  as  com- 
pared with  the  feeble  shock  of  the  closing. 

In  the  application  of  the  secondary  current  to  the  patient,  each  elec- 
trode is,  alternately,  anode  and  cathode,  in  rapid  succession.  Still,  the 
opening  current  is  so  predominant,  that  it  is  justifiable  to  consider 
that  the  electrode  connected  with  it  is  the  anode  and  the  other  the 
cathode.  The  comparative  weakness  of  the  secondary,  when  the  pri- 
mary is  closed,  is  due  to  the  self  induction  of,  or  extra  current  in,  the 
primary,  hindering  the  growth  of  its  current,  and  thus  causing  the 
slow  rise  of  its  magnetic  field  or  lines  of  force  which  cut  the  secondary 
coil.  On  the  contrary  in  breaking  or  opening  the  primary  circuit, 
the  magnetic  core  of  the  secondary  is  suddenly  demagnetized ;  and, 
in  the  process,  the  magnetic  lines,  suddeidy  collapsing,  increase  the 
induction  current  of  the  coil.  For  example,  if  one  thousand  lines  cut 
a  coil  in  one-fifth  of  a  second,  they  produce  five  times  as  much 
voltage  as  they  would  in  cutting  the  coil  in  one  second. 

CURRENT    GENERATORS 

The  construction  of  the  alternating  current  generator  is  indicated 
in  figure  2.  N.  and  S..  are  the  terminals  of  a  horseshoe  permanent  or 
of  an  electro-magnet ;  B.  C.  the  wound  armature.  On  the  armature 
are  two  contact  i-ings  E.  and  D.  on  which  two  l)rushes,  F.  and  G. 
press. 

Tlie  direction  of  the  field  in  the  magnet  is  from  N.  through  the 
armature  to  S.  making  B.  the  north  pole  and  C.  the  south,  repelling 
the  armature  and  revolving  B.   C.  in   the  direction  of  the  arrows. 
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While  B.  is  making  one-half  a  revolution  from  N.  to  S.,  the  current 
is  passing  from  B.  through  the  contact  brush  F.  and  the  patient  X. 
at  H.  In  the  next  half  revolution,  the  current  is  reversed  by  passing 
from  N.  to  C.  to  E.  to  the  contact  brush  G.  and  the  patient  at  1. 


Fig.  2. 
Alternating  Current  Generator. 

Thus,  at  each  half  turn,  the  contact  rings  and  the  electrodes  become 
alternately  +  and  — .  In  each  complete  revolution,  the  electro-motive 
force  rises  in  one  half  to  maximum  and  falls  to  zero ;  then  reverses, 
grows  to  a  maximum  and  falls  to  zero.     Each  revolution  is  called  a 


»H  ^  H 


Fig.  :5. 

Continuous   Current   Generator. 


period  or  cycle  and  the  frequency  of  the  alternations  is  twice  the 
number  of  the  cycles.  Figure  2  demonstrates  that  the  revolving  of 
an  armature  in  a  magnetic  field  produces  a  change  in  the  direction 
of  the  electro-motive  force  and  the  current  at  every  half  turn. 

Continuous  current  generator.    When  the  supply  current  is  an  alter- 
nating one,  the  best  means  of  securing  a  direct  current  is  to  drive 
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with  it  a  motor  at  one  end  of  a  shaft,  at  the  other  end  of  which  is 
a  direct  current  generator.  The  action  of  this,  see  figure  3,  is  the 
same  as  that  of  the  alternating  current  generator,  except  that  in  the 
former  the  current  is  made  to  pass  in  one  direction  only  by  means  of 
a  divided  ring  D.  E.  called  a  commutator.     By  this  means,  either  one 


FiR.  4. 
Showing-  Magnetic  Lines  of  Force.     (After  C.  H.  W.  Bigg.) 

lialf  D.  of  the  ring  or  tlie  other  half  C.  of  the  ring  is  constantly  in 
series  connection  willi  the  l)rusli  F.  and  I.  the  plus  side,  while  G. 
is  in  constant  contact  with  the  sides  of  the  ring  in  contact  with  F. ; 
thus  there  is  a  unidirectional  current  from  F.  through  the  patient 
to  G. 


Fig.  5. 
Magnetic   T>ines  of  Force. 

Actlflll     of    IIKH/IKlic     II, us    of    fon(       upon     (I     fuld     IIKK/IkL         TIlC     iMuS- 

tr;itioMs  (figures  4,  ."),  (i )  arc  I'roiii  ('.  11.  W.  Bigg's  First  I'rln- 
riphs  of  KUctficitii  (iiid  MaotufisHi.  In  tiie  position  shown,  in  fig. 
4,  none  of  the  lines  of  magnetic  (hix  pass  through  the  ai-mature  coil, 
and,  consequently,  no  current  is  induced  therein.  If  tlie  coil  is  set 
in  motion,  it  successively  einhraees  a  constMiitly  inci-e;isiii^  miiiiher 
oi  lities  of  force,  and  ;i  ctifi'eiit  is  iiidnced  wliidi  attains  its  inaxiimiin 
when  tile  eoil  is  in  ttie  positioii  shown  in  figure  (i,  ;ind  all  the  llux 
[)as.ses  through  the  eoil. 
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A  m<Hneni  s  i:>       ■  :  -   -  r^  .re*  will  sLow  mat.  at  each  half 

reT<diitioa  of  ti-  ::>-'-     i^^ies  are  brought  in  front   of  A.. 

and.  etmseqaenthr.  the  flux  must  enter  the  eoil  from  one  side 
dnrm^  Hie  fest  half  of  the  rerolntion  and  from  the  opposite  side  dur- 
ing the  remainder :  the  eurreni  resulting  will.  eonsiequeEtlv.  be  of  an 
ahemating  eharaeter. 


^^ 


s-Zz~^L^y^^J ' ' ' 


Magnefie 


THE  SrSTrS»3IDAl.   CCESEXT 


In  any  enrrent,  in  which  the  rate  of  flow  is  not  constant,  a  more  or 
leas  regojUr  pnlsatim  «■  wave  resnlts.  In  the  faradie  coiL  this  ware 
takes  the  diape  of  a  rapid  rise,  followed  hv  a  slower  drop  to  a  mini- 
ramB  Talne.  Soeh  sadden  changes  produce  a  current  that  is  harsh 
in  its  ejects,  and.  if  of  appreciable  magnitude,  productive  of  eon- 
sidexable  discomfort  to  tlie  patient-  In  order  to  obtain  an  alter- 
nating enrrent  ibst  is  free  from  abrupt  changes,  a  generator  of  the 
magneto  type,  as  indicated  in  figure  7.  is  employed. 

If  the  armature  of  such  a  generat<H'  is  rotated  at  a  uniform  rate 
of  speed-  it  will  move  tiiron^  equal  angular  intervals  of  time,  and 
the  resulting  electro-motive  force  will  follow  the  simple  sine  curve. 
where  E.  M.  F.  =  A.  sine  O. :  where  A.  is  a  constant,  depending  upon 
the  construction  of  the  generator,  and  0.  represents  the  angular  posi- 
ti<Bi  of  the  armature  at  any  given  instant  of  time.  Such  a  curve  is 
an  example  of  simple  harm<Hiic  motion- — so  called  because  the  vibra- 
tions of  musical  notes  are  of  this  type. — and  is  best  defined  as  an  oscil- 
lating motion,  in  which  the  amplitude  or  height  of  the  vibrations  is 
independent  of  the  time. 

If  the  emoegtant  A.  is  known,  the  vcdtage  curve  may  be  calculated 
by  multiplying  the  sines  of  the  angles  that  the  armature  makes  with 
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rent  that  are  sedative  in  cliaraeter,  or  the  slower  rise  and  fall  that 
permit  of  rhythmie  contraction  of  muscles. 

THE  X-RAY 

X-rays  are  composed  of  intinitely  short  transverse  waves,  propelled 
in  straight  diverging  lines;  their  mass  being  inversely  as  the  square 
of  the  distance.  They  are  produced  in  a  Crooke's  tube,  exhausted 
to  a  vacuum  of  .000.001  of  the  pressure  of  the  atmosphere,  which  is 
traversed  by  a  very  high  tension  electric  current  of  a  Rhumkortf  coil 
or  a  static  machine.  The  tube  has.  at  one  end,  a  cupped  cathode,  and, 
at  the  opposite  end.  two  connected  anodes.  The  one  which  is  in  line 
with  the  cathode  is  the  anode  proper.     The  other  terminates  in  a  flat 


Fig.  8. 
Tungsten  Target  Tube. 

disc  or  target  and  is  the  anti-cathode.  In  connecting  up  the  tube, 
the  anode  of  the  exciting  machine  should  be  connected  with  the  anode 
of  the  tube. 

Theory  of  ike  production  of  x-rays.  It  was  known  that  only  a 
small  current  could  be  sent  through  a  gas  by  a  moderate  electric  in- 
tensity, but,  with  a  high  intensity,  a  considerable  current  would  pass. 
A  vacuum  can  be  produced,  through  which  no  current  can  be  made 
to  pass.  A  stream  of  particles  (Guilleminot  thinks  probably  hydro- 
gen), flows  from  all  parts  of  the  anode  end  of  the  tube  toward  the 
cathode,  receives  a  negative  charge,  is  then  repelled  with  tremendous 
velocity  and  focussed  upon  the  anti-cathode  target,  where  the  cathode 
rays  are  "stopped  and  absorbed"  and  Roentgen  rays  are  emitted  and 
ejected  through  the  wall  of  the  tube  in  front  of  the  target.  Roentgen 
found  x-rays  affect  a  photographic  plate  in  the  same  manner  as  light. 

J.  J.  Thompson  showed  that  they  produce  conductivity  in  any  gas 
through  which  they  pass.  The  rays  are  very  similar  to  light  rays, 
but  they  are  not  refracted  when  they  pass  from  one  medium  to  another 
of  different  density.  They  also  resemble  cathode  rays,  but  they  differ 
from  them  in  carrying  no  electric  charge. 
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ELECTRO-THERAPEUTIC    APPARATUS 


Here  the  iiiteiitiou  is  to  call  attention  to  the  prevailing  types  of 
electro-therapeutic  apparatus  in  general  use  rather  than  to  advertise 
the  product  of  any  particular  manufacturer,  for,  while  the  mechanical 
details  mav  varv  widelv  according  to  the  individual  ideas  of  different 


Galvano  Faradie  Wall-Plate. 


makers,  tlie  purposes  for  which  such  apparatus  is  intended  are  alike 
with  all,  and  the  high  standard  of  workmanship  generally  prevailing 
is  such  that  comparisons  are  unnecessary.  Apparatus  suitiible  for 
the  uses  of  the  ophthalmologist  is  to  be  had  of  any  of  the  regular 
instrument  supply  houses,  and  the  pages  of  the  prominent  journals 
contain  many  advertisements  of  other  makers  who  are  producing 
special  apparatus  of  recognized  worth. 

If.   in   the  selection   of  illustrative   cuts,   undue   ])r()niinence   seems 
to  liave  been  given  the  ajjpai-atus  of  cei-tain  manufacturers,  it  is  due 
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to  the  fact  that  the  author  has  deserihed  that  with  which  he  is  per- 
sonally familiar  as  being  typical,  not  that  he  considers  it  as  neces- 
sarily superior  to  that  iiuuh'  l)y  other  I'epresentative  makers. 


THE  GALVANO-FARADIC    WALL-PLATE 


In  the  usual  type  of  wall-plate  (see  figures  9  and  10)  the  direct 
current  of  the  plate  is  supplied  by  the  street  service.     The  strength 


of  current  required  is  obtained  by  placing  in  series  with  the  patient, 
a  rheostat.  The  galvanometer  of  the  wall  plate  measures  the  current 
in  the  patient's  circuit.  A  switch  or  pole  changer  is  used  to  change 
the  direction  of  the  current  as  required. 

The  faradic  coil  of  the  wall-plate.  This  is  a  small  coil,  consisting  of 
a  primary  coil  of  stout  insulated  copper  wire  of  a  few  turns,  within 
W'hich  is  a  soft  iron  core  of  parallel  wires;  and,  around  the  coil  and 
insulated  from  it,  is  a  secondary  coil  of  finer  insulated  copper  wire  of 
many  turns.  The  induction  in  the  secondary  coil  is  produced  by  mak- 
ing and  breaking  the  primary  circuit  with  an  automatic  hammer.    The 
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hammer,  and  the  reguhiting  screw,  against  which  it  presses,  have 
platinum  surfaces  at  the  points  of  contact,  to  minimize  the  corrosion 
of  the  sparking  discharge.  The  spring  hammer  is  in  the  primary 
circuit  when  it  is  at  rest  against  the  screw.  "When  the  current  is  turned 
on,  it  magnetizes  the  core  which  attracts  the  hammer  to  it,  removes  the 
hammer  from  the  screw  and  breaks  the  circuit, — thus  demagnetizing 
the  core  and  releasing  the  hammer,  which  then  flies  back  to  the  screw, 
when  the  process  is  renewed. 

Rheotome.  The  office  wall-plate  is  usually  supplied  with  an  auto- 
matic circuit  breaker  or  rlieotome,  the  purpose  of  which  is  to  convert 
the  constant  direct  current  into  a  pulsating  direct  current,  which, 
in  many  of  its  effects,  is  similar  to  that  produced  by  the  faradic  coil, 
but  is  unidirectional  instead  of  alternating,  as  in  the  latter  coil. 

The  high-frequency  induction,  or  Rhuml-orff  coil.  Except  in  size, 
this  does  not  differ  in  construction  from  the  small  coil  of  the  wall 
plate.  The  current  of  a  Rhumkorff  coil  is  of  an  alternating  character, 
but  with  the  negative  phase  much  stronger  than  the  positive.  It  is 
then  possible  to  obtain  an  intermittent  pulsating  current  of  unidi- 
rection  by  means  of  a  suitable  commutator,  or,  as  is  usual,  to  introduce 
a  spark  gap  in  one  of  the  lead  wires.  The  purpose  of  this  gap  is  to 
suppress  the  weaker  wave  by  acting  as  a  resistance  to  its  passage. 
The  polarity  of  the  prime  conductors  of  the  coil  is  indicated  as 
follows:  The  disc  acts  as  a  condenser,  and,  if  it  is  the  positive  pole, 
the  discharge  takes  place,  as  from  all  condensers. of  a  similar  shape,  at 
the  edge.  When  the  positive  charge  is  from  the  opposite  small  elec- 
trode, it  strikes  the  disc  at  an  indefinite  place  between  its  centre  and 
circumference. 

Under  similar  conditions  of  size  of  the  prime  conductors,  etc..  a  coil 
demonstrates  the  voltage  when  it  gives  an  inch  spark  as  does  the 
static  machine. 

In  order  to  minimize  the  effect  "at  make"  of  reverse  currents  of 
self-induction,  which  would  act  as  an  impedence  in  the  circuit  and 
prevent  the  current  attaining  a  proper  maximum,  a  condenser,  usually 
consisting  of  insulated  sheets  of  tin  foil,  is  inserted  as  a  shunt  across 
the  terminals  of  the  inteiTupter. 

The  Oudin  d'Arsonval  resonator.  This  is  usually  furnished  as  an 
attachment  to  the  coil  or  static  machine  and  consists  of  a  coil  of  coarse 
wire  of  few  turns  wound  around  the  base  of  a  cylinder  of  wood  and 
terminating  in  a  coil  of  fine  wire  of  a  greatei-  nunibci-  of  tnrns.  The 
coarse  wire  coil,  the  relative  length  of  whidi  is  a(l.iustal)Ie,  ads  as 
an  impedence  coil  to  the  discharge  fi-oni  a  pair  of  Leyden  jars,  the  rate 
of  the  discharge  being  controHed  ])y  a  spark  gap.     As  tlie  jars  are 
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charged  with  a  sufficient  force  to  overcome  the  resistance  of  the  air 
gap  of  the  rods,  a  spark  passes  between  them  and  empties  the  jars. 
The  induced  charges  on  the  outer  surface  of  the  glass  of  the  jars 
3re  thus  released  and  rush  through  the  conductors  to  the  resonator. 
The  spark  discliarges  consist  of  to-and-fro  oscillations  which  may  vary 
from  ten  thousand  to  tens  of  billions  per  second.  The  charge  from 
the  Leyden  jars  jiroduces  self  induction  in  the  resonator  and  also 
a  resonance  which  should  be  synchronous  with  the  vibrations  of  the 
spark  gap  of  the  jars.  These  vibrations  once  set  up  in  the  resonator 
tend  to  increase  in  freciuency  and  thus  add  to  the  voltage  and  capacity 
of  the  coil.  The  vibrations  of  the  spark  gap  and  the  resonator  must 
be  in  harmony  in  order  to  get  the  greatest  effect  from  the  coil.  The 
current  delivered  to  the  patient  is  much  greater  when  the  vibrations 
of  the  resonator  are  harmonious  with  those  of  the  spark  gap  of  the  jars 
than  when  they  are  not.  This  can  be  demonstrated  by  the  relative 
amount  of  current  thrown  into  the  circuit,  proving  that  the  effect  of 
the  current  on  the  patient  is  less  with  inharmonious  vibrations  than 
when  the  current  is  diminished  to  produce  harmonious  vibrations. 

In  lieu  of  the  resonator  in  circuit  with  the  high-frequency  coil, 
Tesla  employs  an  induction  coil  of  a  few  turns  of  coarse  wire  within 
a  coil  of  fine  wire  of  very  many  turns.  This  acts  as  a  step-up  trans- 
former to  very  greatly  increase  the  voltage  of  utility. 

The  interrupter.  Three  principal  methods  of  opening  and  closing 
the  circuit  in  the  primary  of  the  high-frequency  coils  are  in  use : 
the  hammer,  the  mercury  turbine  and  the  electrolytic.  The  first  has 
already  been  considered. 

The  mercury  turbine  consists  of  a  turbine  wheel  revolving  within 
a  suitable  case.  The  revolutions  of  the  turbine  operate  to  project 
a  stream  of  mercury  which  makes  intermittent  contact  with  the  walls 
of  the  case.  The  connections  are  such  that  the  mercury  stream  is  in 
series  with  the  main  circuit,  the  current  in  which  is  broken  each  time 
the  mercury  jet  is  interrupted. 

Wehnelt's  electrolytic  interrupter  consists  of  an  anode  of  platinum 
wire,  insulated,  with  the  exception  of  the  extreme  end  and  a  lead  plate 
cathode ;  the  two  being  immersed  in  sixteen  per  cent,  of  sulphuric 
acid  in  water.  When  a  current  passes  from  a  source  of  twenty  to 
one  hundred  volts,  the  platinum  glows  intermittently.  The  current 
sets  free  hydrogen,  which  gathers  on  the  cathode  in  the  cell  and  pre- 
vents a  further  passage  of  the  current.  As  the  bubbles  of  hydrogen 
escape  into  the  surrounding  electrolite,  the  current  is  again  estab- 
lished.   The  circuit  is  thus  made  and  broken  very  rapidly. 
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TRANSFORMERS 

A  transformer  is  usually  an  indu("tion  coil,  by  which  a  primary  cur- 
rent of  high  initial  electro-motive  force  is  made  to  produce  a  sec- 
ondary current  of  low  initial  electro-motive  force.  This  is  a  step-down 
transformer.  See  fig.  11.  A  step-up  transformer  transforms  a  cur- 
rent of  low  electro-motive  force  into  a  current  of  high  electro-motive 
force.     The  term  transformer  is  also  applied  to  a  device  by  means 


Fig.  IL 
Sto]i-ilown   Ti'nnsformer. 

of  which  alternating  currents  are  changed  into  continuous  ones  and 
vice  versa. 

SINUSOIDAL    APPARATUS 

In  the  motlern  type  of  apparatus,  designed  foi-  the  production  of 
currents  having  a  sinusoidal  wave,  there  is  little  to  remind  one  of  the 
"shocking  machine"  of  our  fathers, — a  coil  of  wii'c  ivvolved  between 
the  poles  of  a  permanent  magnet. 

About  twenty  years  ago  the  designers  of  electiical  niachinciy  callrd 
attention  to  the  shape  of  the  wave  as  a  factor  in  the  (h-sign  of  ap- 
paratus and  the  effects  of  the  current  ])roduced  ;  and  it  is  to  Edison. 
doubtless,  that  the  introduclion  of  the  sine  wave  into  the  doiiiain  of 
therapeutics  is  due.  The  first  apparatus  was  capable  of  affording 
waves  of  a  fixed  periodicity  only,  later  types  enal)led  the  rate  to  l)e 
varied  and  alToi-iled  eiii-i'eiils  siiitalih'  lor  a  wiih'  range  of  \ises;  and 
at  present  we  have  olTei-cd   iis  inachines  in  which  the  wave  length  can 
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not  only  be  varied  but  in  which  two  or  more  waves  of  different  length 
and  amplitude  can  be  superimposed.  See  figure  12.  As  to  the  utility 
of  superimposed  currents,  there  may  be  a  difference  of  opinion,  but  as 
to  the  utility  of  the  different  wave  lengths,  there  can  be  no  doubt,  as, 
with  a  proper  machine,  it  is  possible  to  obtain  currents  of  such  rapid 
reversals  that  the  muscle  tissue  cannot  respond  and  the  nervous  sys 


Fig.  12. 
Multiplex  Generator. 


tern  alone  receives  the  waves  so  slowly  that  they  excite  rhj'thmic  con- 
tractions of  the  muscles  and  influence  metabolic  processes. 

As  the  alternating  current  is  rapidly  replacing  the  direct  for  com- 
mercial purposes,  it  is  possible  to  derive  the  sinusoidal  current  direct 
from  the  mains,  but,  owing  to  the  fact  that  such  current  is  of  a  fixed 
periodicity,  its  range  of  usefulness  is  practically  limited  to  its  sedative 
effect;  the  usual  rate  of  sixty  cycles  per  second  being  too  rapid  for 
muscular  effects.  When,  however,  the  rate  of  the  particular  current 
at  the  operator's  disposal  is  satisfactory  for  his  purpose,  the  only 
apparatus  needed  for  its  control  is  a  rheostat.  This  should,  prefer- 
ably, be  of  the  shunt  type  and  inserted  in  the  circuit  in  series  with  a 
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lamp  of  suitable  cajjacity.     The  lamp  is  intended  to  act  as  a  safety 
device  to  prevent  an  excessively  large  current  entering  the  rheostat. 

RHEOSTATS 

A  rheostat  is  an  apparatus  for  controlling  the  strength  of  an  electric 
current  by  changing  the  amount  of  resistance  of  the  circuit.  It  is 
an  indispensable  part  of  the  electrical  equipment. 

While  many  forms  are  on  the  market,  the  prevailing  types  for 
medical  purposes  are  the  following: 

Water.  In  this  form,  now  but  little  used,  a  vessel  of  water  forms 
a  resistance  which  admits  of  variations  by  raising  or  lowering  an 
adjustable  conductor  and  thus  varying  the  length  of  the  column  of 
water. 

Compression.  This  consists  of  an  elastic,  rubber  container,  tilled 
with  granulated  carbon.  The  initial  resistance  is  high,  but,  by  com- 
pressing the  carbon  grains  by  means  of  a  screw,  they  are  brought 
into  more  intimate  contact  and  more  current  is  enabled  to  pass. 

Wire.  In  this  form,  a  wire  of  appropriate  length  forms  the  re- 
sistance and  a  movable  contact  allows  any  fractional  portion  to  be 
introduced  into  the  circuit. 

Carbon.  A  common  type  of  this  rheostat  consists  of  a  slate  base, 
provided  with  a  lever,  capable  of  revolving  about  a  fixed  axis  and 
making  contact  with  a  carbon  coated  surface.  In  the  more  simple 
types,  this  coating  is  applied  by  rubbing  the  surface  with  a  soft  lead 
pencil ;  in  others,  a  mixture  of  clay  and  graphite  is  pressed  into  a 
groove  cut  in  the  slate  and  is  caused  to  adhere  by  baking. 

Volt  sclecter.  This  name  is  a  misnomer,  but  it  seems  destined  to 
remain  for  some  time.  What  is  really  meant  is  a  current  controller, 
and  it  affords  a  means  of  regulating  the  strength  of  the  current  in 
the  patient's  circuit  by  means  of  shunting  off,  from  a  main  supply,  a 
current  of  any  desired  strength.  In  this  form,  which  is  perhajjs  the 
most  desirable  when  the  comniereial  cii-cuit  is  employed,  a  German 
silver  or  similar  resistance  wire  of  suitable  length  is  inserted  in  series 
with  the  main  current.  By  means  of  movable  contacts,  a  branch 
f'in-uit  is  formed,  through  which  the  (iroji  in  voltage  and  consequent 
current  can  be  varied  as  desired. 

Before  the  advent  of  coinmci-cini  cui-i'ciits,  the  ordinai'y  series 
rheostats  were  sufficient  for  tlici-;ipcut  ic  purposes,  as  the  batteries 
were  not  sufficiently  strong  to  adinil  of  ;i  dniigerously  large  current. 
The  high  voltage  of  the  commercial  currcnl,  however,  would  neces- 
sitate so  great  an  amount  of  resistance  material  as  to  render  the  usual 
types  of  rheostat  of  unwieldy  si/e,  so  thfit,   in   order  to  render  this 
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current  available,  the  shunt  controller  is  more  convenient.  As  the 
purpose  of  a  rheostat  is  to  control  the  current,  it  is  absolutely  imma- 
terial of  what  material  it  consists,  so  long  as  it  will  permit  the  neces- 
sary current  to  pass  without  becoming  unduly  hot,  and  will  admit 
of  the  current  being  varied  by  regular  amounts,  but  so  evenly  that 
the  patient  does  not  experience  a  shock  as  the  lever  passes  from  one 


Fig.  13. 
Combined  Controller  and   Meter. 

contact  point  to  another.  As  supplied  by  the  makers,  the  shunt  con- 
trollers are  marked  with  a  scale  of  voltages,  but,  in  actual  use,  such 
scales  serve  for  comparative  measurements  only  and  afford  absolutely 
no  indication  of  the  actual  drop  in  voltage ;  the  designers  seeming  to 
have  overlooked  the  fact  that  a  branch  circuit  operates  to  lower  the 
resistance  of  the  entire  circuit. 


Fig.  14. 
Controller  Attached  to  a  Lamp  Socket. 

Figure  18  shows  a  combined  controller  and  meter.  An  ingenious 
little  controller  is  shown  in  figure  14  for  attaching  directly  to  a 
lamp  socket  and  affords  a  ready  means  of  regulating  the  small 
diagnostic  lamp. 

PROTECTIVE  DEVICES 

Aside  from  the  use  of  the  rheostat  to  control  the  current,  other 
means  are  provided  to  protect  both  patient  and  apparatus  from  the 
effects  of  a  dangerously  large  current.     Chief  among  these  are: 
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Fuses.  A  fuse  is  a  short  length  of  lead  or  composition  wire  inserted 
in  the  circuit  and  designed  to  melt  and  thus  break  the  circuit  if  the 
current  rises  to  dangerous  proportions. 

Automatic  cut-outs.  These  are  less  in  evidence  than  they  should 
be.  Essentially,  thej'  consist  of  a  movable  contact,  held  closed  by 
means  of  an  electro-magnet.  In  case  the  main  current  is  broken  from 
any  cause,  the  contact  is  released  and  can  not  be  again  restored  until 
the  rheostat  switch  is  brought  back  to  zero.  This  prevents  the  shock 
that  would  occur  to  the  patient  if  the  circuit  were  broken  and  com- 
pleted while  he  was  under  treatment. 

A  variety  of  this  cut-out  contains  a  second  magnet  that  operates  to 
open  the  circuit  if  the  current  should  rise  too  high,  ])ut  it  is  not  yet 
adapted  to  medical  uses. 

Lamp  rheostat.  An  ordinary  electric  lamp,  in  series  with  the  main 
circuit,  forms  at  once  a  satisfactory  and  inexpensive  means  of  reduc- 
ing the  commercial  circuit  to  a  suitable  strength  for  the  physician's 
needs.  In  efifect,  it  is  simply  a  rheostat  of  fixed  capacity,  but  it  has 
the  further  advantage  of  effectually  opening  the  circuit  if  it  should 
burn  out  and  of  acting  as  a  pilot  light  to  show  that  a  current  is  pass- 
ing througli  the  a])paratus. 

RECTIFIERS 

In  oi'dcr  to  ot)taiii  a  direct  current  from  the  commercial  alternat- 
ing circuit,  some  form  of  rectifying  apparatus  is  needed.  The  fol- 
lowing are  the  types  employed  in  medical  work : 

Rotary  rectifier.  In  this  form  a  motor,  driven  by  Ihe  commercial 
current  is  used  to  drive  a  miniature  dynamo,  which  produces  the  cur- 
rent re(iuired.  In  some  forms  of  this  apparatus,  the  two  windings 
are  superimposed  on  the  same  shaft.  The  combined  form  is  usually 
known  as  a  motor-generator. 

The  electrolytic  rectifier  owes  its  value  to  the  curious  property  pos- 
sessed by  certain  gases  and  metals  of  conducting  a  current  better  in 
one  direction  than  in  the  othci'.  As  ordinai'ily  made,  this  rectifier 
consists  of  an  alumimim  and  an  iron  plate  immersed  in  an  ammonium 
phosphate  solution.  On  lonnfcting  these  electrodes  to  an  alternating 
circuit,  the  (current  will  fiow  only  from  the  iron  to  the  aluminum  ;  the 
reverse  wave  being  su[)j)i'i'ssed — and  an  intermittent  current  results. 

In  actual  practice,  however,  the  action  is  not  instantaneous  and 
there  is  often  a  small  negative  wave  of  sufficient  magnitude  to  afTect 
the  proper  working  f)f  an  x-ray  tuli<\  In  order  not  only  to  ceduce 
tliis  to  a  niiniinniii.  Imt  also  1o  utilize  tlie  suppressed  wave,  the  ex- 
pedient   is   adopted    of    ronne.-tine-    four    such    cells    in    series    ])arallel. 
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See  figure  15.     The  resulting  wave  is  then   of  a  pulsatory  char- 
acter. 

Meyer  and  others  have  further  increased  the  efficiency  of  the  appa- 


Ui-'^->Ni , \ 


Fig.  15. 
Four  Cell  Eectifier. 


Fig.  16. 
Motor  Generator. 


ratus  by  bridging  a  fifth  cell  or  a  condenser  across  the  battery  with 
the  result  of  obtaining  a  current  entirely  free  from  reverse  waves. 

Rectifiers  of  the  above  types  are  not  alone  useful  for  their  medical 
application  but,  when  of  suitable  size,  will  serve  as  well  for  charging 
storage  batteries  for  cautery  or  automobile  purposes. 
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MOTORS 

The  electric  motor  is  rapidly  attaining  an  important  position  in 
the  equipment  of  the  office.  In  figure  16  is  shown  an  effixjient  type 
of  motor,  designed  to  operate  on  the  direct  current.  On  the  right 
hand  side  is  shown  a  small  pump,  designed  for  use  in  producing  aural 
massage;  while,  on  the  left,  is  a  provision  for  attaching  a  flexible 
shaft  for  driving  burrs  or  vibrators.  A  supplementary  winding  on 
the  armature  of  this  machine  furnishes  an  alternating  current  for 
charging   storage   batteries   or   heating   cautery   knives   and   lighting 


Fig.  17. 
Motor  as  Used  in  Bone  Surgery. 

diagnostic  lamps,  and  from  it  a  very  efficient  sinusoidal  current  can 
be  derived.  In  figure  17  is  shown  the  motor  as  used  in  bone  surgery ; 
a  flexible  shaft,  similar  to  that  used  on  a  dental  engine,  being  used 
to  drive  the  necessary  drills  or  cutting  burrs. 

CHARACTERISTICS    OP    THE    DIRECT    CURRENT 

The  polarity  of  the  direct  current  is  constant  and  the  current  itself 
unidirectional.  It  may  be  interrupted  by  a  rheotome.  In  paralysis, 
this  causes  stronger  muscular  contraction  than  does  the  uninto-rupted 
current,  but  the  electrolytic  effect  is  not  lessened  except  in  amount. 
The  amperage  secured  by  the  direct  current  is  very  higli  compared 
with  the  voltage  used.  Ten  to  one  hundred  and  twenty  volts  applied 
to  the  body  will  give  from  two  to  two  hundred  and  forty  milli- 
amperes,  according  to  the  resistance  of  the  part. 
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111  stating  the  strength  of  the  current  used,  the  size  of  the  electrode 
is  almost  never  mentioned;  a  most  important  omission,  for  the  con- 
centration of  the  current  is  directly  the  reverse  of  the  area  of  the 
electrode :  one  of  one  inch  square  giving  an  intensity  four  times  that 
of  one  two  inches  square. 

When  the  intention  is  to  secure  the  greatest  interpolar  effects  on 
the  tissues  or  system,  this  is  accomplished  by  applying  very  large 
electrodes  to  the  body,  so  as  to  diffuse  the  current  over  a  large  area, 
and  thus  avoid  the  painful  and  irritating  effects  which  would  result 
from  condensing  the  same  current  upon  a  small  area.  Hence,  abdomi- 
nal electrodes,  nine  inches  in  diameter,  are  used  in  the  Apostoli 
method  of  application  of  two  hundred  to  two  hundred  and  fifty  milli- 
amperes  in  treating  uterine  fibroids. 

In  applying  the  current  to  the  eye,  the  writer  prefers  an  electrode, 
single  or  binocular,  two  inches  in  diameter,  of  sponge-covered  copper, 
over  which  is  placed  absorbent  cotton  at  each  treatment.  A  soda  solu- 
tion, on  the  electrode,  will  lessen  the  resistance  to  the  current  and 
not  corrode  the  copper,  as  would  chloride  of  sodium.  Eye  cups,  con- 
taining water  or  a  salt  solution  .06  per  cent.,  make  excellent  electrodes, 
when  it  is  desired  to  secure  the  greater  effect  of  the  current  upon  the 
cornea,  by  opening  the  lids,  rather  than  by  applying  the  electrode 
to  the  closed  lids,  as  is  usual.  There  is  not  so  much  irritation  in  a 
very  sensitive  cornea  when  the  cup  is  used,  as  when  a  metal  electrode 
is  applied  directly  to  the  eye. 

In  opacity  of  the  cornea,  for  example,  a  metal  electrode  (negative) 
with  a  current  of  one  milliampere  may  be  applied  for  one  minute  to 
a  quiet  eye  wdthout  any  reaction.  By  means  of  a  cup,  an  irritable 
cornea  may  be  treated  with  one  milliampere  of  current  with  much 
less  irritation,  if  any,  than  by  the  application  of  a  metal  electrode. 

When  the  direct  current  is  applied,  in  treating  opacity  of  the 
vitreous,  etc.,  the  writer  has  abandoned  the  use  of  the  cups,  though 
they  are  excellent  electrodes,  because  the  contour  of  many  orbits 
allows  the  water  to  escape.  In  treating  the  eye  the  indifferent  elec- 
trode oval,  two  and  a  half  by  three  and  a  half  inches  in  size,  is  applied 
over  the  nucha,  the  eye  and  neck  electrodes  being  held  in  position  by 
attaching  to  them  elastic  bands  with  tongueless  buckles  and  buckling 
each  firmly. 

In  optic  atrophy,  it  may  be  better  to  apply  the  direct  current  in 
the  manner  Erb  does;  but,  of  late,  the  writer  has  used  only  the  alter- 
nating or  sinusoidal  current  in  the  disease.  Erb  first  applies  electrodes 
to  the  temples  for  a  time,  then  reverses  the  polarity  of  the  current 
and  continues  by  applying  the  negative  to  the  lids  and  the  positive 
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to  the  nucha ;  and,  tinally,  the  negative  over  the  superior  cervical 
ganglion  and  the  positive  on  the  nucha.  Of  these  three  the  tirst  is 
the  most  important,  still,  the  galvanization  of  the  sympathetic  nerve 
has  so  marked  an  influence  on  the  eye,  it  deserves  also  a  trial.  More- 
over, a  variety  of  methods  ma}'  secure  a  more  faithful  attendance  of 
the  patient, — an  important  factor  in  his  relief.  "While  it  is  usual  for 
a  daily  treatment,  given  for  a  month,  to  decide  whether  a  patient  can 
be  benefited,  it  does  not  follow  that  a  patient,  unrelieved  by  a  month's 
treatment,  may  not  improve  in  two  or  three  months. 

Polarity  of  the  current.  In  treating  the  eye,  the  cathode  should, 
usually,  be  made  the  active  pole,  on  account  of  its  stimulating,  lique- 
fying and  other  polar  effects ;  while,  the  anode  is  made  use  of  when 
its  sedative,  coagulative  and  other  polar  effects  are  required  in  head- 
ache, neuralgia,  and  in  super-vascular  conditions. 

Strength  of  current.  When  patients  are  very  susceptible,  and  in 
cases  which  refiuire  the  sedative  effect  of  the  current,  the  dosage 
should  be  small, — as  two  to  seven  ma.  to  the  eye  for  five  to  seven 
minutes. 

Duration  of  current  and  frequency  of  the  treatment.  It  is  cus- 
tomary to  recommend  very  short  treatments,  to  be  given  seldom, — 
twice  to  thrice  weekly,  at  first, — then  at  longer  and  longer  intervals. 

Unless  the  convenience  of  the  patient  demands  this,  it  is  a  waste 
of  time,  better  treat  them  daily,  and,  as  a  rule,  for  twenty  minutes, 
for  a  month :  and,  then,  perhaps,  give  them  a  short  rest  at  monthly 
intervals.  Possibly  longer  seances  might  be  still  better,  but,  judging 
from  the  nervous  symptoms  produced  in  some  patients  by  the  trial  of 
it  file  above  time  is  wisest.  When  the  case  covers  a  long  period  of 
time,  it  is  wise  to  completely  intermit  treatment  occasionally. 

After  testing  the  tolerance  of  the  patient,  there  seems  no  more 
reason,  in  most  cases,  for  the  common  practice  of  lessening  the  fre- 
quency of  electrical  treatment, — except  with  the  x-ray, — than  there 
would  be  in  prescribing  an  alterative  or  tonic  drug  once  or  twice  a 
week  instead  of  three  times  a  day.  In  chronic  cases,  the  writer's  prac- 
tifc  is  to  give  treatmcnls.  witli  ;iiiy  form  of  electricity,  daily. 

TlIK  KFFECT  OF   TlIK  EI>K('THIC   CUHKENT    UPON   THE  EYE 

Holmgren  discovered,  in  1881,  that  light,  falling  upon  the  eye,  is 
transformed,  in  the  retiiui,  into  an  electric  current.  This  demon- 
strates that  a  perception  of  light,  light  flashes  or  phosphenes  may  be 
produced  by  stinuilating  the  retina  with  an  electric  current.  Roosa, 
lioring,  Hackley  and  others  have  observed  that  both  the  retinal  veins 
and   arteries  are  enlarged  by  galvanic  stimulation:  and    Wiif(h^m;inn 
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observes  that  this  increase  in  size  is  still  more  marked  after  vibratory 
massage  than  it  is  after  electrical  stimulation  and  asserts  that  the 
latter  does  not  reach  further  than  the  papilla.  The  dizziness,  cerebral 
hemorrhage  and  therapeutic  effects  on  the  brain,  produced  by  a  cur- 
rent, sufficiently  demonstrate  that  the  current  does  reach  the  brain. 
If  it  were  not  so,  optic  atrophy,  which,  most  frequently,  originates 
extraocularly  and  is  a  descending  process,  would  very  rarely  be  re- 
lieved.    Experience  has,  fortunately,  shown  that  sixty-six  per  cent 


Fig.  18. 
Portable  Galvanic  Controller.     Meter.     Pole  Changer.     Kheostat. 

of  these  cases  have  been  improved;  and  others  have  demonstrated  it 
in  fifty  per  cent,  of  cases. 

A  few  neurologists  deny  that  these  cases  are  benefited  and  say  that, 
at  any  rate,  the  benefit  is  only  temporary.  It  is  true  that,  in  certain 
cases,  there  is  a  tendency  to  deterioration,  but  any  initial  improve- 
ment argues  favorably  for  still  greater  possibilities  by  a  repetition  of 
the  treatment. 

THE  APPLICATION  AND  THERAPEUTIC  EFFECT  OF  THE  GALVANIC   CURRENT 

When  it  is  desired  to  administer  to  the  patient  the  effect  of  the 
anode  or  cathode,  the  respective  electrode  is  placed  as  nearly  as  prac- 
ticable to  the  affected  part  and  this  is  called  the  active  electrode; 
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while  the  other  is  the  indifferent  or  dispersing  electrode  and  is  usually 
much  the  larger  one.  The  direction  of  the  current,  through  the 
patient  connected  in  the  circuit,  is  always  from  A.  the  anode  to  B. 
the  cathode.  With  jnoderate  dosage,  it  is  immaterial  on  what  part 
of  the  body  this  latter  electrode  is  placed.  If  a  definite  milliamperage 
is  desired,  say  5,  and  the  electrodes  are  placed  far  from  each  other, 
it  will  be  necessary  to  use  a  much  higher  voltage  in  order  to  over- 
come the  resistance  than  if  the  electrodes  are  placed  near  each  other. 
The  therapeutic  result  will  be  the  same  in  either  case  and  the  degree 
of  sensation  of  the  patient  is  usually  the  same,  though  there  are  a 
few  exceptions.  For  instance,  in  the  application  of  electrolysis  with 
a  single  needle,  with  the  indifferent  electrode  necessarily  at  a  dis- 
tance, the  course  of  the  current  includes  so  large  a  distribution  of 
the  nervous  system  that  it  gives  rise  to  uncomfortable  sensations, 
such  as  dizziness  or  even  syncope  and  pain;  while,  in  the  use  of  a 
bipolar  needle,  the  current  is  limited  almost  to  the  region  between 
the  needles. 

The  writer  believes  ttiat  a  given  current,  say  5  ma.,  produced  by 
high  voltage  against  a  high  resistance,  would  be  more  painful  than 
the  same  current  produced  by  a  low  voltage  with  a  low  resistance.  It 
has  been  shown  that  a  high  voltage  with  a  given  current  causes  more 
pain  than  the  same  intensity  of  current  produced  by  a  low  voltage. 

The  writer  has  also  demonstrated  that  when  100  volts  were  applied 
to  five  students,  of  5000  ohms  resistance  each,  joined  in  the  circuit 
and  subjected  thus  to  a  current  of  4  ma.,  each  felt  the  same  sensation 
as  when  one  alone  had  applied  to  him  20  volts,  with  his  resistance  of 
5000  ohms,  giving  the  same  current  of  4  ma. 

With  an  initial  supply  voltage  of  100,  each  individual  in  the  group 
uses  up  20  volts;  the  same  amount  as  each  individual  singly — and, 
consequently,  receives  the  same  milliamperage. 

The  fallacy  of  supposing  that  a  high  voltage,  per  se,  produces  more 
pain  than  a  low  voltage  is  due  to  the  supposition  that  the  voltage 
is  the  same  throughout  the  circuit — which  is  incorrect,  for  no 
account  is  taken  of  the  drop  in  voltage.  That  is, — the  voltage  is 
used  up  by  every  resistance  it  meets  with  and  in  direct  proportion 
to  the  amount  of  resistance.  To  illustrate  this: — Let  the  dyna- 
mo furnish  100  volts  and  each  resistance,  1,  2,  3,  4,  5,  persons  or  other- 

100  volts  1 

wise,  be  5000  ohms  each,  the  current  will  be  = a- 

5x5000  ohms        250 

250 

= =:4iii;i.  ill  any  part  of  the  circuit. 

1000 
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Each  of  the  equal  five  resistances  of  5000  ohms  will  consume  1/5 
of  the  total  voltage  or  20  volts:  that  is  No.  1  will  use  up  20  volts, 
leaving  80 ;  No.  2  uses  20  volts,  leaving  60 ;  No.  3  uses  20,  leaving  40 ; 
No.  4  uses  20,  leaving  20 ;  and  No.  5  using  20  leaves  zero  at  the  nega- 
tive terminal  of  the  dynamo. 

The  connecting  wires  have  so  little  resistance  as  to  he  neglihle  in 
the  calculation. 

If  the  initial  voltage  were  the  same  in  all  parts  of  the  circuit,  each 
individual  would  have  100  volts  and  a  resistance  of  5000  ohms,  con- 
sequently 20  ma.  of  current,  instead  of  4.  Further,  it  is  urged  that 
at  least  the  individual  nearest  the  source  of  supply  receives  100  volts. 
True,  a  hundred  volts  are  supplied  to  him,  but  his  sensation  depends 
upon  the  current  he  receives,  which  depends  upon  the  amount  of 
voltage  he  uses  up,  which  is  20. 

THE  TESLA   APPARATUS 

The  Tesla  coil  is  now  in  such  general  use  that  the  principle  of  its 
action  merits  a  brief  description. 

The  apparatus  devised  by  Tesla  for  the  production  of  currents  of 
extremely  high  tension  consists  essentially  of  an  initial  source  of 
supply  capable  of  giving  a  current  of  ten  to  thirty  thousand  volts;  a 
mechanical  interrupter  of  very  rapid  action ;  a  condenser  and  a 
transformer  of  special  design  to  still  further  raise  the  potential  of 
the  current.  It  is  to  this  transformer  to  which  the  special  name  of 
Tesla  coil  is  usually  applied. 

The  particular  features  of  the  Tesla  coil  are  two  concentric 
solenoids,  the  relative  windings  of  which  are  proportioned  to  the 
initial  current  voltage  and  the  voltage  desired.  On  account  of  the 
residual  magnetism  preventing  a  rapid  change  in  the  lines  of  force, 
an  iron  core  is  not  used;  but,  instead,  the  diameters  of  the  coils  are 
such  as  to  oppose  the  least  resistance  to  an  aerial  path  for  these  lines. 

For  moderate  voltages  of  medical  coils,  air  is  used  as  the  dielectric ; 
and  oil,  when  operating  at  high  voltage.  The  reason  a  liquid  is  used 
in  place  of  a  solid  dialetric  is  in  order  to  prevent  a  spark  passing 
from  one  coil  to  the  other. 

For  medical  purposes,  small  coils  of  the  Tesla  type  are  in  use  in 
connection  with  the  static  machine  or  x-ray  coil  to  increase  the  fre- 
quencies of  these  machines  and  they  are  often  supplied  as  complete 
equipments  when  high-frequency  currents  alone  are  required.  Most, 
if  not  all,  of  the  portable  high-frequency  machines  are  of  the 
Tesla  type  and  consist  of  an  interrupter,  a  step-up  transformer,  a  Tes- 
la high-frequency  transformer  and  the  necessary  condensers. 
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PHYSIOLOGICAL    EFFECTS   OF    FARADISM 

The  action  of  the  faradic  current  upon  the  central  nervous  system 
and  distant  organs  is  slight  compared  with  that  of  the  direct  current, 
and  the  muscular  contractions  it  produces  are  painful,  as  compared 
with  those  caused  by  the  sinusoidal.  The  negative  pole  stimulates 
the  sensory  and  motor  nerves  much  more  strongly  than  does  the 
positive. 

Debitat  attributes  the  results  to  the  local  gymnastic  action  on  the 
muscles,  which  increases  muscle  growth ;  and  cites  twenty  treatments, 
of  four  minutes  each,  as  increasing  the  weight  of  the  femoral  muscle 
of  an  animal  fifty  per  cent.,  while  prolonged  application  diminished 
weight,  tetanized  the  muscles, — and,  when  extreme,  resulted  in  atro- 
phy. The  tetanized  muscle,  when  fatigued,  relaxes.  When  the  inter- 
ruptions of  the  current  exceed  10,000  per  minute,  the  muscle  is  tetan- 
ized, and  no  longer  responds  to  the  current. 

A  healthy  muscle  contracts  more  readily  under  a  faradic  current 
than  under  a  galvanic.  In  paralysis,  contraction  of  a  muscle  is  more 
readily  effected  by  an  interrupted  galvanic  than  by  a  faradic  current. 
Beard  and  Rockwell  explain  this  as  follows: — Muscular  fibre,  in  dis- 
ease, undergoes  degeneration  that  makes  it  incapable  of  responding 
to  the  electric  influence  as  rapidly  as  in  health.  Now  the  interrup- 
tions of  file  faradic  current  are  exceedingly  rapid,  and  they  do  not 
give  the  diseased  muscle  sufficient  time  to  contract  under  its  influence. 
The  interruptions  of  galvanism  may  be  made  slowly,  and,  therefore, 
give  the  muscles  time  to  contract. 

In  healthy  muscles,  the  interruptions  of  the  galvanic  cufrent  are 
not  made  as  rapidly  as  is  necessary  to  bring  out  their  full  contrac- 
tion ;  while  the  interruptions  of  the  faradic  current  are  exceedingly 
rapid,  though  no  moi-e  so  tlian  the  healthy  nuiscle  requires.  The 
power  of  the  galvanic  is  probably  also  due  to  its  greater  cliemical 
properties;  and,  this,  in  turn,  to  its  longer  continuance  of  action. 
Trousseau  caused  an  elevation  of  temperature  of  4.4°  C.  by  a  treat- 
ment of  ten    tiiiiintcs. 

The  sliiiiulation,  by  faradism,  of  the  voluntary  and  vaso-motor  mus- 
cular fibres,  doubtless  inei-cases  the  circulation,  and,  thereby,  produces 
metabolic  and  tonic  effects. 

Phi/Miolofjiral  r/)'rcts  of  the  high  frequency  current.  Wifii  Ilu>  higli 
frequency  current,  the  patient  is  unconscious  of  any  sensation  or  nuis- 
eular  contraction,  the  vibrations  of  the  current  being  too  higli  (al)ove 
10,000  per  second)  to  induce  sensory  or  motor  reaction.  D'Arsonval, 
by  passing  a  current  through  a  saline  solution  in  a  cylinder  and  find- 
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iiig  it  as  strong  at  the  centre  as  at  the  periphery,  demonstrated  that 
the  current  does  pass  through  the  hody  of  the  patient.  The  trophic 
changes  produced  by  the  coil  are  greater  than  those  produced  by  the 
static  machine.  (Guilleminot.)  This  is  probably  due  to  the  gi^eat^r 
amperage  of  the  coil,  to  which  ionization  is  proportional. 


Fig.  19. 

Combination  Portable   Englemann  High  Tension,  the  Faradic  and  the  Galvanic 
— With  an   Automatic  Eheotome — To   Operate  with  the  Direct  Current. 


Administered  by  means  of  the  auto-condensation  chair  or  couch, 
the  patient  receives  a  current  of  great  potency  without  the  slightest 
discomfort.  The  spark  light  kills  all  kinds  of  bacteria  on  the  surface 
in  a  few  minutes.  The  head  breeze  is  a  current  of  electrified  air 
molecules.  It  has  a  very  sedative  action  and  relieves  pain.  The  zinc 
plate  of  the  couch  is  one  coating  of  a  condenser,  the  cushion  is  the 
insulator  or  dialectric  and  the  patient  the  other  coating.  Local  spark- 
ing causes  muscular  contraction,  rise  of  blood  pressure,  and  anemia, 
followed  by  relaxation,  fall  of  pressure  and  hyperemia.     D'Arsonval 
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says  "The  carbonic  acid  of  respiration  is  increased  one  hundred  per 
cent,  and  heat  doubled  by  this  current." 

The  weight  of  oxygen  absorbed  in  the  respiratory  exchanges  is 
greater  than  the  carbonic  acid  eliminated, — hence,  there  is  an  increase 
of  body  weight.  The  ozonation  of  the  oxygen  renders  it  the  more 
absorbable  by  the  red-blood  cells.  D'Arsonval's  experiments  have 
shown  that  the  amount  of  heat  given  off  by  the  body  is  nearly  doubled 
and  that  the  current  augments  the  quantity  of  urine,  urea,  uric  acid 
and  urine  salts,  and  that  this  increase  continues  for  several  days;  at 
the  same  time,  there  is  a  decrease  of  the  non-oxidized  sulphur  com- 
pounds. 

For  treatment  of  eyes,  head  and  neck,  the  writer  has  chiefly  used 
vacuum  electrodes,  connected  with  the  top  of  the  resonator.  In  neu- 
ritis and  neuralgia,  ocular  pain  and  headache,  only  the  slightest  fluor- 
escence of  the  tube  should  be  produced,  by  placing  the  rheostat  low 
on  the  resonator,  and  regulating  the  spark-gap  of  the  jars,  while  the 
electrode  is  held  in  place  by  the  patient.  Treatments  are  given  daily 
for  ten  or  fifteen  minutes. 

There  is  no  drug  or  electric  modality  that  is  so  certainly  and  so 
highly  efficacious,  in  cases  of  this  character,  as  is  this  high  frequency 
application.  Both  the  general  and  the  local  treatment  are  usually 
given  in  sequence,  at  the  same  seance,  if  both  are  indicated. 

Dosage  of  the  high-frequency  current.  There  appears  to  be  no 
limit  to  the  tolerance  of  this  current,  if  the  interruptions  be  suffi- 
ciently high.  Tesla,  with  his  body  in  the  circuit,  lighted  ten  sixteen 
candle-power  lamps,  which  require  five  amperes  of  current.  On  the 
contrary,  with  one  third  of  an  ampere,  a  galvanic  current  may  kill  a 
man. 

THE    COIL   VERSUS   THE   STATIC    MACHINE 

For  the  past  ten  years  the  writer  has  urged  the  superiority  of  the 
coil,  for  every  purpose  of  which  the  static  machine  is  capable.  The 
coil  occupies  relatively  little  space,  requires  little  care,  works  well  in 
all  weather,  and,  unlike  its  fickle  predecessor,  is  constant  in  its 
polarity.  It  also  furnishes  sufficient  amperage  to  charge  the  electric 
chair  or  couch.  The  greater  utility  of  the  coil  in  radiography  is  un- 
questioned and  it  also  produces  greater  trophic  effects, — which  are 
probably  due  to  its  higher  amperage.  The  static  machine  has  the 
advantage  that  any  motive  power  can  be  used  to  run  it  when  elec- 
trical power  is  not  available.  Treatment  by  the  auto-condensation 
couch  gives  more  rapid  results  than  ])y  the  auto-conduction  cage. 
wliicli  is  I'ai'clv  used  in  America. 
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Observations  show  that  the  virulence  of  toxins  within  the  body  is 
diminished  by  the  use  of  the  high-frequency  current.  Microbes  are 
probably  not  killed,  although  they  are  inhibited  and  grow  less  rapidly. 

The  changes  in  metabolism  and  the  increase  of  nutrition  are  prob- 
ably largely  due  to  the  stimulating  effect  of  the  high  vibrations,  which 
are  communicated  to  the  trophic  nerves. 

Adolph  Henriciues,  of  New  Orleans,  writing  on  the  Physiological 
Action  of  Higli-F requeue X)  Currents,  says:  The  end  of  the  resonator 
is  connected  with  a  metallic  electrode,  usually  pointed.  If  we  project 
long  sparks  upon  the  skin  for  a  prolonged  time,  a  blister  is  produced, 
and  finally,  a  slough  is  formed.  If  sparking  occurs  upon  the  sur- 
face of  a  wound,  there  is  a  discharge  of  serum  very  quickly.  In  two 
to  four  days,  the  serum  thickens  and  becomes  purulent  during  the 
elimination  of  the  slough — if  there  is  any.  A  spark  of  several  milli- 
meters is  rapidly  anesthetic ;  sparking  at  two  to  three  centimeters,  is 
very  painful. 

Effects  of  effluve  or  tvaves.  The  intensity  of  action  of  the  effluve 
is  much  less  marked  than  that  caused  by  sparking.  An  aigrette  or 
number  of  points  is  used  instead  of  a  single  point.  The  skin  and 
blood  pressure  regain  their  normal  tone,  usually  in  several  hours, 
after  alternating  dilatation  and  contraction  of  the  vessels. 

Effect  of  condenser  electrodes.  These  are  usually  of  glass,  within 
which  is  a  cylinder  of  metal,  acting  as  the  internal  coating  of  a 
Leyden  jar.  The  skin  represents  the  other  coating.  By  induction, 
small  sparks  strike  the  skin.  Their  effect  is  similar  to  that  of  the 
efiHuve,  but  can  be  applied  with  more  precision. 

Direct  conteict  witli  metal  electrodes  or  variously  shaped  vacuum 
tubes.  They  act  similarly  to,  but  less  powerfully  than,  the  efifluve. 
They  cause  vascular  contraction,  which  is  shortly  followed  by  a 
hyperemia. 

The  therapeutic  effects  of  the  sinusoieled  current.  The  reversal  of 
the  sinusoidal  wave  is  so  rapid  that  the  current  is  practically  con- 
tinuous. Slow  alternations  of  the  current  produce  greater  ionization 
than  when  they  are  rapid. 

Guilleminot  believes  the  ionic  changes  in  the  tissues,  produced  by 
the  sinusoidal  current,  are  comparable  with  those  of  the  galvanic. 
The  writer  believes  on  account  of  the  greater  clinical  results  obtained 
by  the  sinusoidal  current,  as  compared  with  the  direct,  in  the  same 
patient,  that  the  ionization  is  greater  in  the  sinusoidal :  if  we  may 
assume  the  results  are  due  to  ionization. 

The  effect  of  the  sinusoidal  current  upon  the  nerves  of  special 
sense.     The  response  of  a  nerve  to  stimulation  is  manifested  by  the 


ELECTRICITY  IN  OPHTHALMOLOGY  4213 

character  of  its  function.  The  stimulation  of  a  motor  nerve  is  mani- 
fested by  muscular  contraction.  The  stimulation  of  the  optic  tract 
is  shown  by  the  resulting  light  sensation — or  phosphenes.  The 
sinusoidal  current,  compared  with  others,  appears  to  have  a  specially 
stimulating  effect  upon  the  nerves  of  special  sense.  It  may  be  that 
a  greater  nerve  vibration  is  produced  iiv  the  rapid  alternation  of  the 
electric  energ}-. 

The  writer  has  not  been  able  to  produce  light  flashes  with  the 
faradic,  high-frequency  or  static  current,  or  with  the  x-ray  or  mechani- 
cal vibrator.  The  galvanic  current  produces,  when  constant.  Init 
especially  when  interrupted,  a  moderate  intermittent  Hash,  with  a 
painful  sensation.  This  does  not  compare  with  the  constant,  brilliant, 
variegated  mosaic,  painless  flash  produced  by  the  sinusoidal,  with  the 
same  voltage.  lie  also  believes  that  the  alternating  current  stimulates 
more  the  vaso-motor  circulation  and,  therefore,  the  nutrition  of  nerve 
tracts.  For  the  above  reasons,  as  well  as  for  its  electrolytic  effect,  he 
has  used  no  other  current  since  1901  in  cases  of  primary  or  secondary 
atrophy  of  the  optic  nerve.  In  a  pretty  extensive  search  of  the  litera- 
ture of  the  last  quarter  of  a  century,  he  does  not  find  any  reference 
to  the  use  of  the  sinusoidal  current  in  the  treatment  of  diseases  of 
the  eye  or  ear. 

The  stimulation  of  the  nerve  centres  is  due  to  ready  conduction  of 
tlie  current,. by  the  nerve  fibres,  to  the  nutritive  vessels  of  the  neuril- 
emma and  to  the  trophic  centre, — the  cell  body,  (neuron).  Thus 
nerve  nutrition  is  promoted  by  increased  vascularity  and  direct  cell 
stimulation.  The  functional  specialization  of  a  nerve  fibre  depends 
only  upon  its  connection  with  a  nerve  centre.  Wliereas  the  stimula- 
tion of  vibratory  massage  is  limited  to  the  nerve  terminals,  or,  at 
most,  to  the  nerve  fibres,  an  electrical  current  stimulates  the  nerve 
centres  also. 

In  the  application  of  the  siniisoichil  cnrrcnt  to  the  eyes,  the  writer 
uses  the  same  electrodes  as  when  tirating  with  the  direct  current. 
The  voltage  tolerated  by  the  patient  at  Ihc  initial  treatment  is  a  fair 
guide  to  the  amount  required  for  subsc(|uent  treatment. 

Tiie  relation  of  magnetism  to  therapeutics.  The  consensus  of 
opinion  is  tliat  magnetism  has  no  perceptible  effect  upon  the  organ- 
ism. Scheppt'gi't'U  says:  "The  effects  of  magnetism  in  therapeutics 
have  been  investigated  by  Peterson  and  Kennelly,  who  have,  recently, 
tried  it  with  an  exceedingly  sti-ong  lield.  and  have  come  to  the  con- 
clusion that  'the  human  organism  is  in  no  way,  appreciably,  affected 
by  the  most  powerful  magnets  known  to  science.'  A.  E.  Dolbear,  of 
Boston,  however,  holds  that  it  is  not  proved  that  magnetism  is  with- 
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out  any  effect  on  the  human  body,  but  believes  that  the  experiments, 
whicli  have  been  made,  simply  show  that  magnetism,  unlike  elec- 
tricity, does  not  produce  the  mechanical  and  chemical  changes  neces- 
sary to  be  appreciated  by  the  subject." 


Fig.  20. 
X-Eay,  Galvanic,  Faradic  and  Sinusoidal  Combination  Machine. 

The  writer  thinks  that  it  will  yet  be  demonstrated  that  magnetism 
has  very  appreciable,  vital  and  beneficial  effects  upon  the  human 
body.  Two  effects  are  inseparable  from  every  manifestation  of  elec- 
tricity,— heat  and  magnetism.  The  effect  of  the  heat  product,  in 
the  application  of  electricity  to  the  body,  is  palpably  manifest.     If 
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magnetic  lines  can  induce  the  secondary  currents  which  we  use  in 
the  faradic  wall  plate,  in  the  high-frequency  and  sinusoidal  appara- 
tus, it  would  seem  onlj^  reasonable  that  the  human  body  in  conduct- 
ing a  current,  should  be  affected  by  the  magnetic  lines  given  off  by 
the  current  within  the  tissues.  ]\Iany  effects  of  the  current  upon  the 
tissues  are  known,  and  it  may  yet  be  shown  that  magnetic  lines  have 
a  large  share  in  producing  those  effects. 

THE   X-RAY    AS    A    THERAPEUTIC    AGENT 

The  Koentgen  ray  is  a  stimulant,  which,  in  moderation,  causes 
hyperemia ;  and,  in  excess,  produces  necrosis.  The  greatest  effect  of 
the  radiation  is  at  the  terminus  of  the  penetration  of  the  ray.  The 
body  cells  are  supposed  to  absorb  the  rays  and  fluoresce,  then  chemi- 
cal reaction  follows.  Kadiation  increases  cell  growth,  leucocytosis 
and  phagocytosis.  It  causes  the  degeneration  and  absorption  of  such 
low  resisting  tissues  as  epithelioma,  sarcoma,  etc.,  while  the  higher 
resistance  of  normal  tissue  protects  it  from  untoward  effects. 

C.  E.  Ochsner  and  others  observe  that  exposures  to  x-ray  at  first 
greatly  increase  the  vascularity  of  the  tissues,  while,  under  extended 
treatment,  these  become  ischemic,  brittle,  and  bleed  much  more  freely 
than  does  normal  tissue. 

The  factors  which  should  govern  the  dosage  of  this  agent  are: — 
1.  The  vacuum  of  the  tube.  2.  The  degree  of  fluorescence  of  the 
tube.  3.  The  distance  of  the  patient  from  the  tube.  4.  The  duration 
and  frequency  of  the  treatment.  5.  The  depth  of  the  tissue  to  be 
treated.     6.  The  effects  produced  by  the  treatment. 

1.  The  most  practical  and  convenient  way  to  measure  the  dosage, 
or  intensity  of  the  tube,  is  to  measure  the  distance  through  which  it 
forces  a  spark  between  the  prime  conductors  of  the  machine.  The 
higher  the  vacuum  of  a  tube  the  greater  is  its  resistance.  Hence,  the 
stronger  is  the  current  needed  to  overcome  the  resistance  and  the 
greater  is  the  energy  of  the  tube.  A  tube  is  low  when  it  forces  a 
spark  from  one  to  three  inches  only  between  the  prime  conductors 
of  the  machine;  medium  when  a  spark  is  forced  from  three  to  five 
inches;  and  high  when  llie  distance  is  above  five  inches. 

2.  Grubl)e,  alone,  seems  to  regard  this  factor.  He  recommends  a 
barely  discernible  liglit  in  the  tube.  When  a  brilliant  light  is  reached, 
it  will  not  be  intensified  ])y  a  large  increase  of  the  voltage;  hence,  the 
constancy  of  the  dosage  can  be  best  secured  with  a  faint  light. 

3.  It  is  a  good  working  rule  to  place  the  patient  from  one  to  two 
inches  farther  from  the  surfae(!  of  the  tube  than  the  greatest  distance 
wliicli  the  tube  I'jin  force  a  spark  across  the  spark  gap. 
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4.  Three  to  ten  minutes  with  the  coil,  or  tive  to  twelve  with  the 
static  machine — ^when  the  raying  is  constant.  With  interrupted  flash- 
ing, (Cook's  method),  we  are  in  the  habit  of  giving  from  tive  to  twelve 
minutes  treatment,  during  which,  the  tuhe  is  active  only  half  the 
time.  The  frequency  of  the  treatment  should  lessen  progressively 
at  first,  daily,  for  one  or  two  weeks;  then,  tri-weekly,  etc. — as  the 
effect  is  cumulative. 

5.  The  greater  the  depth  of  the  tissue  to  be  treated,  the  higher 
must  be  the  vacuum  of  the  tube, — and  this  is  indicated  by  the  length 
of  the  spark  gap.  The  gap  may  be  two  inches  for  the  treatment  of 
the  lids  and  surface  of  the  globe,  and  from  three  to  five  for  intraocular 
and  orbital  treatment.  The  vacuum  of  the  tube  can  be  maintained 
only  by  placing  the  wire  automatic  regulator  just  beyond  its  spark- 
ing distance  from  the  cathode  of  the  tube.  In  use,  the  vacuum  tends 
to  rise,  on  account  of  the  dissipation  of  the  contents  of  the  tube  either 
in  or  through  its  wall,  or  upon  the  surface  of  the  electrodes. 
When  the  rise  of  vacuum  increases  so  high  as  to  prevent  the  current 
passing  through  the  main  tube,  it  passes  through  the  auxiliary  tube 
to  the  tip  of  the  regulator.  This  regulating  discharge  passes  through 
a  bunch  of  mica  discs  in  the  accessory  tube, — heats  them  and  liberates 
occluded  gas  which  flows  through  the  main  tube,  lowers  its  vacuum 
and  again  the  current  passes  through  it. 

The  vacuum  can  also  be  lowered,  as  desired,  by  connecting  the 
cathode  cord  with  the  regulating  wire  and  the  anode  cord  with  the 
anode  of  the  tube.  The  vacuum  is  raised  by  connecting  the  anode 
cord  with  the  platinum  coil  which  is  in  the  auxiliary  chamber  and 
which  is  heated,  and  absorbs  the  air  in  the  tube. 

A  good  focus  tube  should  concentrate  the  cathode  rays  upon  the 
centre  of  the  target  producing  a  dull  spot  when  in  action  and  it 
should  be  possible  to  raise  its  vacuum  in  five  to  ten  minutes,  and 
lower  it  in  a  few  seconds.  It  should  be  made  of  glass  that  is  free 
from  lead.  The  presence  of  lead  interferes  with  the  transmission 
of  the  x-rays  and  hence,  in  order  to  interfere  the  least  with  the  trans- 
mission, it  is  necessary  to  make  the  tube  thinner  and  more  fragile 
than  is  desirable. 

6.  If  itching,  burning,  redness,  swelling,  pigmentation,  blanch- 
ing or  loosening  of  the  hairs  appears,  discontinue  the  raying  until 
these  symptoms  disappear,  unless  dermatitis  is  desired. 

Notwithstanding  the  many  applications  for  the  regulation  of  x-ray 
dosage,  most  operators  depend  upon  the  length  of  the  spark  gap  of 
the  exciting  machine. 
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Blepharitis  niarginalis.  In  severe  cases,  the  writer  uses  the  x-ray 
and  prefers  it  to  other  treatment.  Second  in  efficiency  he  would  con- 
sider the  500  c.  p.  lamp. 

Freund  and  Schift  obtained  cures  with  a  few  exposures  to  a  hard 
tube.     Fox   had   uniformly   excellent   results   with   a   high-frequency 


FijT.  21. 
Binocular  High-Frequency  Vacuum  Electrode. 

glass  vacuum  electrode  applied  directly  to  the  lids.  He  tested  this 
treatment  in  one  hundred  cases.  The  electrode  should  be  applied 
before  the  current  is  turned  on,  in  order  to  prevent  sparking,  and 
the  treatment  sliould  l)e  continued  for  five  to  fifteen  minutes  daily. 
Hordeolum,  in  several  cases,  Allen  found  that  the  x-ray  effected 
a  rapid  disappearance  of  the  stye. 


Fij;.  22. 
Flectrolytic  Needle  with  Lens. 

In  the  early  stage  of  a  stye  llic  wi'iter  has  succeeded  most  etlV'ctively 
in  aborting  the  process,  in  <iiu'  or  two  days,  by  exposing  the  lids  once 
or  twice  daily,  for  fifteen  minutes  to  a  500  e.  p.  lamp. 

DisticJiiii.sis.  Tlie  i-emoval  of  a  displaced  cilia  is  l)est  accomplislu'd 
by  the  use  of  an  elect I'olysis  needle.  Operators  differ  slightly  in 
their  methods,  but  the  following  is  the  one  the  writer  prefers.  lie 
wears  a  pair  of  glasses  +  6.00  added  to  tlie  strength  of  his  own  cor- 
rection and  eoiiihined  with  {)rism  of  3°,  base  in  for  each  eye. 

A  linllions-pointrd  II ayes  steel  needle,  lialf  an  iiidi  long,  is  attaelied 
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to  the  negative  pole  and  inserted  one-eighth  of  an  inch  by  the  side  of 
the  hair  shaft,  for  twenty  to  thirty  seconds.  Using  a  current  of  one 
ma.,  this  will  permanently  destroy  the  growth  of  three-fourths  of  the 
hairs  treated.  Repeat  the  needling  if  the  hair  does  not  drop  out  read- 
ily when  the  forceps  is  used.  If  it  is  desired  to  prevent  the  pain  of 
the  operation,  a  two  per  cent,  solution  of  cocaine  in  adrenalin  (1  in 
1,000)   may  be  injected  hypodermically  along  the  margin  of  the  lid. 


Fig.  23. 
Needle-Holder  with  Interrupter. 

If  the  lids  are  inverted,  this  procedure  is  not  applicable  as  it  will 
be  necessary  first  to  correct  the  position  of  the  lid  by  surgical  opera- 
tion.   See,  also.  Electrolysis,  in  this  Encyclopedia. 

Alopecia  of  the  eyelids.  For  this  affection  the  writer  has  used  the 
sinusoidal  current  to  the  lids  for  ten  minutes  tri-weekly.  After  four 
months  decided  improvement  was  seen. 


Fig.  24. 
Binocular  Electrode. 


Ectropion  and  entropion.    See  these  headings  in  this  Encyclopedia. 

If  blepharospasm'  is  not  relieved  by  correction  of  the  refractive 
error,  the  writer  treats  it  with  either  the  sinusoidal  current  or  by  the 
application  of  the  interrupted,  direct  current  to  the  lids. 

Nictitation.  Positive  galvanism,  with  a  current  of  3  ma.  applied 
to  the  lids  is  very  effective. 

Paralysis  of  the  orbicularis  is  best  treated  by  the  application  of 
the  direct,  interrupted  or  sinusoidal  current. 

Eczema  of  the  eyelids.  The  writer  has  found  the  application  of 
the  500  c.  p.  lamp  to  the  lids  at  twelve  inches,  for  twenty  minutes 
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tri-weekl}',  in  sufficient  intensity  to  produce  dermatitis,  effect  a  nor- 
mal condition,  usually  in  four  seances. 

Herpes  opliiludmicus.     For  this  intractable  condition  the  positive 
galvanic  current  offers  one  of  the  most  effective  means  of  treatment. 


Fig.  25. 
Eye  Cup  Electrode  for  Direct  Current. 

Kevus.  This  condition  is  variously  treated  by  electrolysis  ((].  v.), 
the  electro-cautery,  the  high  candle  power  lamp  and  carbonic  acid 
snow.     In  mild  cases  the  light  or  snow  is  perhaps  the  more  desirable. 

Bhistonnjcosi-s.     The  best  cure  for  this  singular  disease  of  the  skin 


Fig.  2(i. 
.Multiiile  Electrolytic  Needle. 

of  the  eyelids,  instances  of  which  Imve  so  far  been  met  with  almost 
exclusively  in  Chicago,  appears  to  be  the  local  application  of  .\-rays 
and  massive  doses  of  potassium  iodide. 

Cjjsis.      In  siM'ous  cysts,  inti'nduce  th(^  nc^gativc  needle,  with  a  cur- 


]\Iultii)lc  Needle  Holder. 

rent  of  5  ma.,   fi-om   live   to  ten  minutes.     Repeat   if  necessary.      In 
large  cysts  a  liipohii-  ncfdlc  is  preferable. 

Xantlnhisnid.     The  galv;inic  cnrrcnt  with  cither  a  single  or  donble 
needle    is    iveoniniendtMl    jis    the    most   simple    and    effective    means   of 

treatment. 
Vol.  VI— ir. 
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In  electrolysis  of  xanthoma  always  tnrn  on  the  cnrrent  slowly,  in- 
creasing to  maximum  gradually,  so  as  to  avoid  unnecessary  pain. 

Acute  catarrhal  conjunctivitis.  Several  cases  of  acute  catarrhal  con- 
junctivitis, treated  by  exposure  to  a  500  e.  p.  incandescent  lamp, 
recovered  in  an  unusually  short  period  of  four  or  five  days;  even 
the  first  treatment  having  afforded  marked  relief. 

The  patient  lies  on  a  couch,  the  face  protected  by  a  towel  or  asbes- 
tos paper.  The  eyes,  open  or  closed,  are  exposed  one  foot  from  the 
lamp,  for  ten  to  twenty  minutes.  When  the  heat  becomes  unpleasant, 
the  patient  intercepts  the  light  for  a  few  moments  with  a  fan. 

This  action  of  the  electric  lamp  well  illustrates  the  beneficial  effect 
of  the  radiant  energy  of  the  incandescent  lamp  in  an  infectious  dis- 
ease, for,  notwithstanding  the  statement  that  the  supra-violet  or  actinic 
rays  are  filtered  out  or  absorbed  by  the  glass  of  the  globe,  a  considerable 
quantity  of  supra-violet  and  other  actinic  rays  in  the  spectrum  pene- 
trate the  glass — sufficient  to  produce  bactericidal  effects. 

A  50  c.  p.  incandescent  lamp,  held  near  the  eye,  may  produce 
equally  good  results  in  conjunctivitis  and  other  superficial  diseases. 

Chronic  'palpebral  conjunctivitis.  This  may  be  treated  either  with 
a  glass  vacuum  high-frequency  electrode  or  by  cupric  electrolysis. 

Phlyctenular  conjunctivitis.  This  disease  may  be  successfully 
treated  either  with  the  high-candle  power  lamp  or  the  x-ray. 

Ophthalmia  neonatorum.  Gonorrheal  ophthalmia.  These  diseases 
have  yielded  to  the  use  of  sulphate  of  zinc  on  the  positive  electrode, 
and  to  applications  of  the  500  c.  p.  lamp. 

Vernal  catarrh.  The  x-ray  treatment  of  this  inveterate  disease  has 
proved  successful  in  the  hands  both  of  Frank  Allport  and  of  the 
writer. 

Tuberculosis  of  the  lids.  Tn  all  tubercular  <iffections  of  the  eye  the 
x-ray  appears  to  be  more  nearly  a  specific  than  any  other  remedial 
agent. 

Pterygium  teniiis.  Horace  Starkey  obtained  excellent  results  with 
the  positive  needle  in  several  cases,  using  2  ma.,  and  repeating  it. 
The  needle  is  thrust  at  right  angles  under  the  pterygium,  near  the 
cornea  and  again  near  the  canthus. 

Chalazion  is  so  easily  treated  surgically  that  the  author  reserves 
the  application  of  electrolysis  to  indurations  that  persist. 

Trachoma.  The  first  published  case  of  trachoma,  treated  by  x-ray 
in  America,  was  reported  by  the  writer,  in  the  Chicago  Elec.  Sac. 
Journal,  Jan.  3,  1903. 

In  thirteen  cases  there  was  only  one  failure ;  the  others  showed 
excellent  results. 
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An  enlarged  lachrymal  gland  may  be  reduced  by  electrolysis,  by  in- 
serting the  negative  needle  into  the  ocular  lobe. 

Epiphora.  In  simple  cases,  look  carefully  for  a  source  of  reflex 
irritation,  especially  in  the  nose,  and  if  there  are  sensitive  areas  apply 
cupric  electrolysis  which  may  suffice  without  treatment  of  the  duct. 

Stricture  of  the  lachrymal  passages.  Recovery  from  epiphora  is 
hastened  by  applying  the  negative  sponge  electrode  to  the  probe  in- 
troduced for  the  relief  of  stricture.     See  Electrolysis. 

Lachrymal  fistula.  Application  of  an  electrolytic  needle  or  a  mild 
cautery  to  the  fistula  is  very  successful. 

In  pannus  either  the  galvano-eautery  or  electrolytic  peritomy  will 
give  a  very  satisfactory  result.  In  trachomatous  pannus  it  is  best 
to  use  the  x-ray. 

Keratitis  parenchymatosa.  One  may  treat  this  condition  success- 
ively with  galvanism  directly  to  the  cornea,  the  x-ray,  and  the  high 
candle  power  lamp. 

Hereditary  syphilitic  keratitis.  The  treatment  specially  indicated 
is  the  application  of  a  solution  of  potassium  iodide,  applied  directly 
to  the  eye  on  the  negative  electrode. 

In  the  various  forms  of  ulceration  of  the  cornea,  electricity  affords 
one  of  the  most  successful  means  of  treatment.  Three  modalities  may 
be  tried  in  succession.  First,  an  electrolytic  needle  applied  directly 
to  the  ulcer;  second,  the  use  of  the  x-ray;  third,  the  application  of 
the  500  c.  p.  lamp. 

The  writer's  procedure  in  leu  coma,  one  of  the  most  intractable 
ocular  conditions,  is  as  follows :  First,  a  thorough  trial  of  diouin ; 
then,  sub-conjunctival  injection  of  sodium  saccharate.  If  these  fail 
to  benefit,  they  are  followed  by  a  negative  copper  electrode  applied 
directly  to  the  cornea  and  repeated  daily.  If  this  be  unsuccessful, 
it  may  be  supplemented  by  the  x-ray  and,  later,  by  the  high-candle 
power  lamp.  Finally,  the  high-frequency  erihivc  may  be  directed 
upon  the  cornea. 

Of  all  the  surgical  methods  of  treating  kcratoconus,  the  galvano- 
eautery  is  the  most  successful.  Perforation  of  the  cornea  gives  the 
most  perfect  results  but  involves  a  greater  risk. 

The  treatment  of  scleritis  and  episcleritis  by  means  of  the  x-ray 
is  generally  successful.  The  success  of  application  of  the  x-ray  is 
probably  due  to  the  fact  that  the  deposits  in  these  diseases  are  often 
tubercular. 

Finally,  Hall  (Text  Book,  p.  164)  believes  the  application  of  the 
galvanic  current  to  be  of  decided  value  in  herpes  zoster  opJithalmicus. 

Diseases  of  the  iris  and  of  the  ciliary  body.     These  cases  may  also 
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be  treated  by  iralvanisiii  with  a  fail-  amount  of  success;  also  by  the 
x-ray. 

//•/7/.S'.  Tile  tfealiiieiit  of  aciih  iritis  necessitates  local  and  internal 
medication  and  the  results  are  extremely  satisfactory.  The  treat- 
ment of  the  eye  by  phototherapy  at  the  same  time  tends  to  relieve  the 
pain  and  greatly  accelerate  the  recovery.  In  fact  the  high  candle- 
power  lamp  not  only  accelerates  the  recovery  but  in  some  cases  the 
lamp  alone,  without  medication,  has  brought  recovery  more  rapidly 
than  under  drug  treatment. 

The  writer  has  seen  the  scquelce  of  specific  relapsing  iritis  recover 
satisfactorily  under  galvanism,  when  previous,  lengthened  medication 
had  failed  to  improve. 

Serous  iritis  is  particularly  amenable  to  the  direct  current,  as  is 
also  iritis  wdth  hypopyon. 

While  cases  of  atrophic  choroiditis  yield  very  unsatisfactorily  to 
any  treatment,  the  sinusoidal  current  has  in  the  writer's  hands  been 
quite  satisfactory. 

The  treatment  of  cataract  hy  electricity.  Perhaps  in  no  disease  of 
the  eye  is  opinion  so  decided  that  only  surgical  intervention  can  re- 
lieve as  in  the  case  of  cataract  and  in  no  affection  of  the  eye  is  the 
use  of  electricity  so  discredited.  But  the  facts  are  these :  If  the 
vision  is  equal  to  20/200,  the  fundus  of  the  eye  healthy,  and  the 
patient  in  good  condition  physically,  the  treatment  of  cataract  by 
the  direct  current  sometimes  results  in  satisfactory  improvement. 
And  when  this  happens  the  opacities  of  the  lens — even  the  striie — 
completely  disappear. 

Intraocular  hemorrhage.  While  in  intraocular  hemorrhage,  good 
results  may  follow  medicinal  treatment  during  the  tirst  three  months, 
yet  when  the  disease  has  become  more  chronic,  drugs,  in  the  writer's 
experience,  have  proven  very  unsatisfactory.  Galvanism,  on  the 
other  hand,  has  given  complete  relief  after  drugs  had  failed. 

Opacities  of  the  vitreous,  of  whatever  origin,  are,  in  the  early 
months,  absorbed  either  by  the  force  of  nature,  or,  still  more  rapidly, 
by  hypodermic  injections  of  pilocarpine  and  the  administration  of 
mercury  and  iodide  of  potassium. 

After  the  condition  has  continued  for  a  long  time  the  writer  has 
found  treatment  by  the  application  of  the  direct  current  to  be  much 
more  etiPective  than  any  medication, — the  result  being  exceedingly 
satisfactory  in  nine-tenths  of  the  cases.  Vitreous  changes  indicate 
the  use  of  an  electrolytic  current,  and  electrolysis  is  the  function, 
par  excellence,  of  the  direct  current.  Hence  we  use  the  direct  cur- 
rent. 
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The  writer  believes  that  the  alternating  current  is  also  distinctly 
electrolytic,  though  he  has  not  yet  had  the  opportunity  to  test  the 
subject  clinically  in  a  large  number  of  cases.  Still,  in  some  cases  in 
which  the  direct  current  has  ceased  to  benefit  the  patient,  he  has 
secured  further  improvement  in  vision  by  the  use  of  the  alternating 
current.  In  the  application  of  the  direct  current  the  negative  elec- 
trode is  applied  to  the  lids  and  the  positive  to  the  nape  of  the  neck, 
with  a  current  of  three  to  seven  ma.  for  twenty  minutes  daily :  or  an 
alternating  current  to  the  lids  and  neck,  with  a  voltage  of  ten  to 
twenty-five,  for  twenty  minutes  daily.  Ninety  per  cent,  of  the  cases 
treated  had  gratifying  results. 

Retinitis  pigmentosa.  When  we  consider  the  pathology  of  advanced 
retinitis  pigmentosa, — the  retina  atrophied  and  infiltrated  with  pig- 
ment, and  the  vessels  sclerosed  and  narrowed — it  is  not  remarkable 
that  so  many  authors  leave  the  sul)ject  of  treatment  without  notice  or 
briefly  dismiss  it  in  despairing  terms.  But  electricity  may  come  to 
the  rescue  and  offer  at  least  sufficient  improvement  to  warrant  every 
oculist  giving  it  a  trial  before  judging  a  case  irremediable.  The 
modality  which  has  been  universally  used  is  the  direct  current.  With 
it  the  writer  formerly  had  some  success  but  of  recent  years  he  has 
used  the  sinusoidal  current  and  greatly  prefers  it. 

The  high  candle-power  lamp  also  deserves  special  mention  in  this 
connection. 

Detaehment  of  the  retina.  Of  all  the  surgical  methods  of  treating 
this  always  serious  condition  the  one  that  appeals  to  the  writer  most 
favorably  is  double  puncture  of  the  globe  by  the  galvano-cautery. 
Very  recently  the  application  of  the  high-frequency  vacuum  elec- 
trode directly  to  the  eyes  has  given  good  results. 

Retinal  thrombosis.  Tlie  writer  has  not  seen  in  litiTutui-i'  tlic  sug- 
gestion to  treat  retinal  thrombosis  electrically,  but  he  has  been  so  for- 
tunate as  to  relieve  one  case  completely  and  permanently,  although  it 
was  of  two  months'  standing,  by  the  use  of  galvanism. 

Glioma  retime.  In  case  the  growth  has  not  perforated  the  globe, 
enucleation  is  of  course  to  be  advised,  but  if  the  patient  refuses  an 
operation  the  X-ray  should  certainly  be  tried;  and  in  ail  cases  of 
malignant  disease  the  X-ray  shoidd  ])e  used  as  an  after-treatment  to 
prevent  recurrence. 

Optic  atrophy,  whatever  its  variety  and  origin,  is  universally 
acknowledged  by  oculists  as  one  of  the  most  hopeless  conditions  with 
which  they  luive  to  denl.  The  consensus  of  opinion  is  that  it  will  be 
followed,  as  ;i  fnlc,  by  lilindness. 

ll;tvin<r  followed  ordinai-y  iiictliods  of  treatment  faithfully  for  sev- 


4224  ELECTRICITY  IN  OPHTHALMOLOGY 

eral  years  without  havinj>-  improved  the  vision  of  a  single  case,  the 
writer,  some  years  ago,  having  tried  the  application  of  interrupted 
negative  galvanism  to  the  lids — daily  for  four  weeks — when  vision  im- 
proved from  20/200  to  20/40.  Since  that  time  he  has  not  treated  a 
ease  medically.  Lately  he  used  the  sinusoidal  current  exclusively  and 
has  had  satisfactorily  improved  vision  in  sixty-six  per  cent,  of  his 
cases. 

In  1906  he  rei)orted  the  result  of  treating,  with  electricity  only, 
twenty-three  eyes  having  optic  atrophy.  Of  these,  two  had  only  light 
perception.  One  improved  and  the  other  acquired  20/67  vision.  Out 
of  eighteen,  in  whicli  there  was  form  perception,  sixty-four  per  cent, 
were  improved.  Four  were  improved  sixty  to  one  hundred  and 
twenty-five  per  cent. ;  two,  thirty  per  cent. ;  three,  five  hundred  per 
cent. ;  one,  fifteen  hundred  per  cent. ;  and  two,  that  could  only  count 
fingers,  acquired  reading  vision.     Six  did  not  improve. 

In  cases  of  subacute  and  chronic  glaucoma,  both  galvanism  and  the 
high-frequency  current  have  improved  the  condition  in  a  good  per- 
centage of  cases. 

As  glaucoma  is  associated  so  freijuently  with  increased  arterial  ten- 
sion, it  is  quite  understandable  that  the  high-frequency  current  ap- 
plied to  the  body  alone,  in  reducing  this  tension,  relieves  the  glau- 
coma. 

It  is  essential  in  this  disease  to  use  the  negative  electrode  to  the  eye, 
as  directed.  True,  the  negative  pole  is  a  stimulant  and  not  indicated 
generally  in  inflammation,  but  in  glaucoma,  even  acute,  the  chief 
desideratum  is  to  diminish  the  density  of  the  ocular  capsule  and  the 
tension ;  hence,  the  indication  to  use  the  negative  rather  than  the  pos- 
itive pole,  which,  while  it  is  a  sedative,  also  hardens  tissue  and  thus 
tends  to  increase  intraocular  tension  by  diminishing  excretion,  which, 
in  turn,  promotes  inflammation. 

Accommodative  asthenopia.  While  eighty  to  ninety  per  cent,  of 
cases  of  asthenopia,  accompanied  by  refractive  errors  and  muscular 
inbalance,  make  a  satisfactory  recovery  by  correcting  the  refraction 
and  exercising  the  muscles  with  prisms,  a  small  percentage  of  cases 
remains  which  is  not  thus  relieved,  and  to  which  the  application  of 
some  form  of  electricity  gives  very  decided  relief.  The  writer  is  in 
the  habit  of  applying  the  direct,  the  alternating,  or  the  high-frequency 
vacuum  electrode  to  the  lids ;  and  treating  the  general  condition  with 
the  high-frequency  condensation  couch.  It  is  difficult  to  say  which 
modality  gives  the  most  relief  in  the  greatest  number  of  cases. 

In  using  the  direct  current,  apply  the  positive  or  sedative  electrode 
to  the  lids,  with  a  current  of  two  or  three  ma.,  for  five  minutes  daily ; 
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and,  with  tiie  alternating  current,  a  mild  application  for  five  or  ten 
minutes.  With  the  high-frequency  current  apply  the  vacuum  elec- 
trode, which  is  connected  with  the  top  of  the  resonator,  directly  to 
the  lids,  using  a  current  which  is  not  unpleasantly  felt. 

Whether  paralysis  of  accommodation  be  due  to  diphtheria  or  other 
causes,  if  it  is  not  relieved  by  suitable  medication  it  is  best  treated 
by  interrupted  galvanism  or  the  sinusoidal  current. 

Oculomuscular  j)arcsis  and  paralysis.  In  the  writer's  opinion  the 
relative  merits  of  tlie  vai-ious  electrical  modalities  in  musculai-  par- 
alysis are  as  follows:  since  a  i)aralyzed  muscle  may  respond  to  an 
interrupted  galvanic  current,  after  it  has  ceased  to  react  from  far- 
adism,  and,  since  the  latter  has  no  effect  on  the  nerve  center,  he  prefers 
the  former  current ;  but  a  slow  sinusoidal  current  is  still  much  more 
effective.  Electricity  is  probably  most  frequently  used  and  less  re- 
quired in  this  disease  than  in  almost  any  other  eye  condition,  since 
there  is  a  great  tendency  in  peripheral  cases  to  disappear  spontan- 
eously or  by,  for  instance,  such  indifferent  treatment  as  hot  applica- 
tions; while  tabetic  cases  disappear  and  relapse  uninfluenced  by 
treatment. 

Ocular  headache.  Probably  eighty  per  cent,  of  ocular  headaches 
are  completely  relieved  by  refractive  correction ;  ten  per  cent,  are 
partially  relieved;  and- the  remaining  ten  are  not  relieved.  Of  the  lat- 
ter twenty  per  cent.,  a  considerable  number  may  be  relieved  by  the 
application  of  different  electi'ical  modalities :  the  direct,  the  alternat- 
ing or  the  high-fre(|uency  current  aj^plied  to  the  eyes — and  often  by 
the  X-ray  or  phototherapy. 

The  writer  has  succeeded  in  relieving  supraorbital  neuralgia  most 
effectively  by  means  of  the  high-frequency  current,  the  pain  disap- 
pearing rapidly  and  permanently. 

In  tohacco  and  alcohol  amblyopia,  the  withdrawal  of  the  toxic  is 
naturally  followed  by  improvement  in  vision  and  is  often  sufficioit  to 
insure  recovery.  Yet  it  is  certain  that  the  use  of  electricity  hastens 
the  favorable  i-csidt. 

Hysterical  amhhjopia  admits  of  so  uncertain  a  prognosis — a  case 
sometimes  recovering  in  a  very  brief  time,  and  again,  at  the  termination 
of  many  months  without  any  treatment — that  we  cannot  be  cci-tain 
that  it  has  been  benefited  with  treatment,  electrical  or  otherwise. 
Althougli  it  is  cluiractei'istic  of  the  disease  to  recover  suddenly  with- 
out treatiueiit,  we  may  fairly  infci',  when  a  case  has  iinpi-ovcd  grad- 
ually after  the  use  of  electi'icity  or  other  medication,  that  the  favor- 
able condition  is  due  to  the  treatment.     The  writer  btilieves  that  the 
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apj)lieation  of  oleetricity  is  one  of  the  most  satisfactory  procedures  we 
possess,  and  he  could  (luote  many  eases  in  ])T'oof  of  this  contention. 

In  n(  urastlh  Ilia  ;iud  defective  metabolism  the  auto-condensation 
couch  has  uniforndy  improved  the  patient  and  given  more  satis- 
factoi-y  results  than  any  othei-  coui'se  of  treatment. 

Malignant  disiasis  of  ihc  eye.  EpithclioTnas  are  nearly  always  suc- 
cessfully treated  by  fulguration.  the  high  candlepower  lamp,  the 
X-ray  and  zinc  cataphoresis. 

Of  these  methods,  when  the  growth  involves  a  small  area,  the  writer 
prefers  the  last,  espeeially  as  one  application  is  usually  sufficient. 
Fulguration  is  preferable  to  the  X-raj^  as  it  is  more  rapid  in  its  results 
and  is  followed  by  less  scarring. 

As  is  well  known,  a  number  of  eases  of  sarcoma  that  have  not 
yielded  to  repeated  extirpations  have  been  cured  by  exposure  to  the 
X-ray. 

Concerning  the  treatment  of  lupus,  the  same  advice  applies  as  that 
given  for  the  treatment  of  epithelioma. 

In  o)bifaI  ((Uuliiis  of  so  serio^^s  degree  as  to  indicate  even  enuclea- 
tion, the  writer  has  had  recovery,  after  all  other  treatment  had  failed, 
by  exposing  the  eye  to  the  X-ray  and  the  high  candlepower  lamp. — 
(W.  F.  ('.) 
Electric  lighting.     See  lUuinination  of  private  and  public  buildings; 

also  Arc  lights.  See  Vol.  I,  p.  547,  of  this  Encyclopedia. 
Electric  lights.  See  Vol.  I,  p.  547,  of  this  Encijclopcdia. 
Electric  ophthalmia.  Under  the  caption  Dazzling,  Vol.  V,  p.  3778,  of 
this  EncyclopccUa  this  .subject  has  already  been  to  some  extent  con- 
sidered. ]\lany  examples  of  ocular  lesions  due  to  the  glare  of  electric 
furnaces  and  other  high-power  lights  are  reported  in  ophthalmic 
literature.  A  typical  example  of  the  latter  is  given  by  W.  E.  Shahan 
{Jour.  Mo.  State  Med.  Assocn.,  May,  191.3).  who  remarks  that  electric 
ophthalmia  most  commonly  results  from  exposure  of  the  eye  to  naked 
arc  lights,  short  circuits,  particularly  between  iron  terminals,  vast 
stretches  of  snow,  to  a  less  extent  by  mercury  vapor  light  where  glass 
(not  quartz)  tubes  are  used,  to  a  practically  negligible  extent  by 
metallic  filament  incandescent  lamps  such  as  tungsten,  tantalum,  etc., 
and  almost  not  at  all  by  carbon  filament  incandescent  and  petroleum 
lamps.  Ultra-violet  light  is  almost  completely  excluded  by  ordinary 
window  glass  and  protection  from  it  is  therefore  obtained  by  inter- 
posing a  piece  of  glass  between  the  eye  and  source  of  light.  If  the 
source  is  especially  violent,  a  yellow  or  reddish  tinted  glass  or  glass 
of  special  chemical  composition,  such  as  the  euphos  gla.ss  of  Schanz 
and  Stockhausen,  may  be  u.sed. 


ELECTRIC  OPHTHALMIA  4227 

The  symptoms  begin  from  twelve  to  twenty-four  liours  after  ex- 
posure. This  is  a  most  marked  characteristic  of  ultra-viok^t  light  burns. 
The  symptoms  are  burning,  stinging  and  scratching  of  lids  and  con- 
junctiva, photophobia,  lachrymation,  more  or  less  diminished  visual 
acuity,  and  in  several  cases  corneal  ulceration.  Shahan  reports  the 
case  of  a  man,  42  years  of  age,  with  what  appeared  to  be  a  mild, 
conjunctival  irritation.  He  had  been  awakened  by  a  violent  stinging 
pain  in  his  eyes,  "as  if  they  were  full  of  dust."  He  was  in  acute 
distress  from  it  the  rest  of  the  night  and  tried  to  get  relief,  without 
avail,  from  application  of  wet  towels,  w^eak  salt  water,  diluted  witch 
hazel,  etc.  Close  examination  showed  no  loss  of  conjunctival  or  corneal 
substance.  But  ophthalmometric  examination  showed  the  usually 
perfectly  uniform  images  of  the  mires  reflected  from  the  corneal 
surface  to  be  distorted  by  short,  choppj'  irregularities  just  about  com- 
mensurate with  liis  lessened  visual  acuity.  His  history  showed  that 
almost  exactly  twelve  hours  previous  to  the  onset  he  had  been  sitting 
on  the  "sand-box"  on  the  front  platform  of  an  electric  street  car, 
when  the  "circuit  breaker"  on  the  ceiling  of  the  car,  about  five  feet 
from  his  face,  emitted  a  sharp  report  and  blinding  flash.  He  thought 
a  little  dust  got  into  his  eyes,  but  seemed  to  be  "all  right,"  by  the  time 
he  got  off  the  car  about  five  or  ten  minutes  later,  and  had  no  trouble 
until  he  w'as  awakened  l)y  the  acute  onset  twelve  hours  later.  He 
finally  recovered  entirely.  See,  also,  page  1197,  Vol.  11,  of  this 
Encyclopedia. 

As  Ball  (Modern  Ophthahnoloyy,  p.  514)  says,  exposure  to  flashes 
of  electric  light,  during  electric  Avelding  or  from  the  short-circuiting  of 
the  current,  may  produce  conjunctival,  corneal,  and  retinal  changes. 
The  same  changes  may  be  found  in  electricians  who  use  a  strong  arc 
light.  In  a  few  minutes,  or  perhaps  several  hours  after  exposure,  the 
patient  will  complain  of  burning  pain  in  the  eyes,  photophobia,  blephar- 
ospasm, swelling  of  the  lids,  and  perhaps  reduction  in  vision.  The 
pupil  is  strongly  contracted.  These  symptoms  are  followed  by  a  muco- 
purulent conjunctival  discharge.  Examination  may  show  contraction 
of  the  field  of  vision,  the  presence  of  a  small  scotoma,  congestion  of  the 
retinal  veins,  and  slight  haziness  of  the  I'ctina.  Rivers  saw  a  case  in 
which  there  was  exfoliation  of  the  conical  c|)ithelium  and  retinal  opac- 
ity with  great  reduction  in  visual  acuity.  Tiic  ])atient's  face  and  eye- 
brows were  burned. 

While  the  prognosis  is  usnall\-  t'jixoi-iblc  in  these  cases,  in  the  severer 
types  of  injur-y  there  may  be  pefiiianent  reduiiion  in  visual  acuity,  and 
I»ain  and  |)ho1()])li()hia  may  lie  of  h)ng  duration.  Usually  rest,  the  wear- 
ing' of  (hu'k  ^fhisses.  and  the  use  of  ati'Oi)in  will  !)e  followed  hy  an  earl\- 
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recovery.  Pain  in  the  aeiite  stage  may  be  relieved  by  the  instillation  of 
holoeain  and  the  application  of  cold  compresses. 

Le  Roux  and  Denand  {Archives  d'Ophtal.,  June,  1908)  report  the 
ease  of  a  healthy  gendarme,  who  had  had  neither  syphilis  nor  rheum- 
atism. He  was  on  night  duty  during  a  violent  thunderstorm,  and, 
after  a  particularly  vivid  tlasli,  felt  sharp  pricklings  in  his  eyes  and  a 
sensation  as  of  a  foreign  body  in  the  conjunctival  sacs.  Everything 
about  him  at  the  same  time  appeared  red,  and  this  condition  persisted 
for  some  two  hours.  The  distance  of  tlie  flash  is  not  stated ;  there  was, 
however,  no  question  of  the  current  having  traversed  any  part  of  his 
body,  for  he  felt  no  shock. 

After  a  few  hours'  sleep  he  awoke  with  intense  frontal  headache. 
The  next  day  the  eyes  became  red  and  painful  and  all  vision  was 
abolished.  The  redness  developed  into  a  most  acute  conjunctivitis, 
with  great  chemosis,  photophobia,  and  blepharospasm,  but  no  secretion. 
The  lids  were  red  and  swollen,  the  globes  extremely  tender. 

During  the  following  days  the  blindness  remained  complete,  and 
ophthalmoscopic  examination  showed  that  the  fundus  reflex  was  com- 
pletely' lost  from  diffuse  opacity  of  the  vitreous.  The  irides  were  con- 
gested, but  the  pupils  could  be  dilated  by  atropin.  There  was  slight 
interstitial  opacity  of  the  cornea^. 

Gradually  the  acuteness  of  the  inflammatory  attack  abated  and  the 
vitreous  cleared  somewhat,  so  that  in  two  months'  time  the  vision  of 
the  right  eye  was  i;^,  of  the  left  Vo ;  but  there  was  still  considerable 
photophobia.  Even  after  a  lapse  of  three  years  there  remained  some 
vitreous  haze  and  the  vision  had  not  further  improved.  The  optic 
discs  and  visual  fields  showed  no  changes. 

Paul  Knapp  (Zeitschr.  f.  Augenheilk.,  May,  1913)  speaking  of  bilat- 
eral macular  affections  following  glaring  from  short-circuiting,  states 
that  in  this  form  of  electric  ophthalmia,  visual  disturbances  cannot 
always  be  detected.  Deterioration  of  sight,  nebular  vision  and  scotoma 
were  observed,  which  generally  disappeared  after  a  few  days.  Up  to 
the  present  time  only  one  case  of  marked  chorioretinitis  from  the  effect 
of  electric  light  had  been  published,  by  Uhthoft'.  Knapp  reports  an- 
other case.  A  foreman  in  an  aluminum  factory  was  exposed  to  a  short 
circuit  of  at  least  150,000  candle  power  at  a  distance  of  about  50  cm. 
He  perceived  no  electric  shock,  but  his  hair  and  lashes  were  singed. 
He  was  completely  "glared"  (blinded)  for  a  while,  and  after  the 
gradual  return  of  vision  he  noticed  a  yellowish  semi-oval  spot  whose 
margins  glittered  in  rainbow  colors.  The  next  day  severe  burning  and 
lachrymation,  the  well-known  electric  ophthalmia,  set  in  and  lasted  for 
two  days.     Then  he  resumed  his  work,  but  still  saw  the  yellow  spots. 
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A  week  later  he  complained  of  metamorphopsia.  Knapp,  six  weeks 
after  the  accident,  says  he  found  V  i^?  Jaeger  2  laboriously,  marked 
metamorphopsia.  Below  the  macula  was  a  semi-oval  chorioretinitic 
locus,  %  disc  diameters  wide,  which  in  every  respect  was  identical  in 
each  eye,  of  dirty-yellow  ground  with  three  large  pigment  accumula- 
tions and  numerous  smaller  ones,  between  which  lay  whitish  and  yel- 
lowish dots.  There  was  only  a  slight  scotoma  of  indistinctness  for 
white  and  colors  directly  above  the  point  of  fixation.  The  treatment 
consisted  in  subconjunctival  injections  of  a  solution  of  salt  4  per  cent 
and  iodide  of  sodium  2  per  cent;  complete  eventual  recovery  with  V=r:l, 
and  disappearance  of  the  scotoma.  Very  interesting  was  the  fact  that 
the  shape  of  the  Hame  was  directly  photographed  on  the  fundus.  The 
lower  half  of  it  was  completely  covered,  so  that  only  its  upper  segment 
was  visible,  hence  the  semi-oval  focus.  The  exposure  lasted  only  for  a 
fraction  of  a  second,  so  that  the  eyes  had  no  time  to  escape,  and  an 
"instantaneous  photograph"  resulted.  Knapp  ascribes  the  lesion  more 
to  the  luminous  than  to  the  ultraviolet  rays,  because  we  know  that  the 
ultraviolet  rays  injure  more  the  inner  retinal  layers,  the  luminous 
chiefly  the  choroid,  pigment  epithelium  and  exterior  layers  of  the  retina. 
The  metamorphopsia  probably  was  caused  by  the  inflammatory  reac- 
tion in  the  injured  parts. 

Eight  cases  of  electric  ophthalmia  observed  by  Coullaud  {Arch, 
d'ophtul.,  p.  608,  1910)  had  been  exposed  for  periods  varying  from  a 
few  minutes  to  three-quarters  of  an  hour  from  one-half  to  two  meters 
distance  to  a  brilliant  voltaic  arc  generated  by  a  current  of  550  volts 
from  two  large  copper  cables  84  cm.  in  diameter,  which  had  been  acci- 
dentally short-circuited.  After  a  period  of  incubation  lasting  from 
seven  and  one-half  to  twenty  hours,  irritative  symptoms  with  conjunc- 
tival congestion  appeared,  followed  by  disturbance  of  vision  in  those 
most  exposed;  the  latter  presented  slight' hyperemia  of  the  fundus; 
recovery  was  complete  in  a  few  days.  Heat  rays  were  not  an  element 
in  these  cases  for  none  experienced  the  slightest  sensation  of  heat  dur- 
ing exposure,  nor  were  there  any  burns  of  the  skin.  The  afl^'ection 
appears  to  have  been  due  either  to  the  actinic  or  violet  and  ultra-violet 
radiations.  In  Ayres'  {Am.  Jour,  of  OphthaL,  p.  105,  1910)  case  after 
a  stroke  of  lightning  the  lids  were  red,  swollen,  and  edematous,  and 
the  upper  half  of  the  cornea  hazy.  A  month  later  recovery  was  com- 
plete. Paton  {Tr.  Ophth.  Soc.  V.  K.  xxix,  p.  37,  1910)  reports  a  case 
in  which  vision,  previously  good,  deteriorated  rapidly  after  exposures 
to  the  ic-ray  for  lupus;  the  posterior  polar  cataract  was  found. 
Alphonse  has  reported  an  experimental  study  of  the  action  of  Roentgen 
rays  oti  the  lens. 
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I>'iniilly,  .M.  I''.  Tciricii  [La  I'kss,  Malinilt ,  I\l;ii'cli  (I,  11)12)  pjivcs  ;i 
full  ;i(T()iiiil  (if  llic  \isii;i|  (Icrccis  iiiid  nciiliii'  sNiiiptoiiis  |>f()(ltic('(l  l»y 
rlccl  ricil  \  ill  ^Tiicrjil. 
Electric  ophthalmoscope.  This  iinpoi-tiiiit  suh.icct  will  he  riii-t her  dis- 
ciissfd  iiiiili'i-  the  ^;riici;il  lic'idiiii^'  Ophthalmoscope  ;is  well  ;is  under 
Examination  of  the  eye.  Ilrrr  ii  iii;i_\  lie  s;iid  tluit  the  diHiciiMy  ol" 
ktM'|)iii^  the  |)Upil  ol"  tile  sijli.ii'cl  red  with  cxcry  position  ol'  llic  iiiiiTor' 
iiiid  witii  \iifyiii<i'  distiiiicfs,  rlc,  i.  c,  so  ;is  "not  to  lose  the  ii<i'lit," 
l;ir^vly  disappears  when  the  cleetric  oplit  haliiioseope  is  used.  'I'hc 
source  ol'  lij;lit  is  a  small  itieandrsceiit  lamp  allaehed  to  the  iiiirroc  it- 
self, whieli  needs  no  retlertor. 


.  •r*'^iniM'>?lKrr.: 


^L 


fpfe-  ■:'•"" 


M:ir|.l(''s    Mlcrtric    ()|ilit  li:ilrn(.sc(i|, 


^l0^^W'^^*r^ 


trii'   ()|i|itli;iliiiosi'()|ic.      'I'lic   li.'ittciv    is  (•.•iiiicd    in    llic    li:iii<ll 


The  illiiminatin^'  power  of  electricity  has  lieeii  adiiptfd  to  several  oF 
t  he  ordinary  iiist  miiieiits  of  cxaiiiinat  ion.  The  iirsl  to  at  tempt  it  willi 
the  ophthalmoscope  was  heiinett,  of  New  ^ Ork.  lie  had  a  small  elee- 
Irie  lij^lil  placed  in  the  handle  of  the  o|)litlialmosc()|)e  and,  about  an  inch 
above  it.  a  convex  lens  for  collect  int^  the  li^'ht  ra\s.  A  concave  lens 
was  placed  jnst  below  the  mirror  so  that  the  rays  would  be  tlirowii  on 
the  mirror  jiroperly,  but  this  lens  was  round  to  be  unnecessary  and 
was  later  removed.  A  plane  mirror  was  |)laced  in  I'l'ont  of  the  aper- 
ture. .\t  this  time  it  was  necessary  to  use  a  sloraj^e  battery,  and  this 
was  undoubtedly  one  reason  why  the  instrumenl  was  not  more  univer- 
sally used.      It   was  vei'y  convenient    I'oi-  bedside  woi'k. 

The  De  /eii<::  ophthalmoscope  was  constructed  on  similar  lines.  A 
tiny  incandescent  lijilit  was  placed  in  the  handle,  about  an  inch  from 
tlie  le\-el  ol'  the  aitei-tni'e,  froni  which  the  wires  ran  out  at  the  end  of 
the  handle.  The  disc  coni aiiiiiiii"  the  lenses  was  placed  at  one  side  of 
the  handle,  which  latter  had  a   lens  in  the  end  so  as  to  cast   as  stroui; 
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as  possible  a  lij^lil  iipwaid,  wliei-e  it  was  received  by  a  mirror  set  at  an 
angle  of  -15  degrees,  through  which  the  opening  for  the  observer  was 
placed. 

I)e  Zeng  has  receiilly  devised,  aftei"  the  suggestion  of  G.  S.  Cranipton, 
a  method  of  illuminating  the  electric  oplitlialnioscope  which  does  away 
with  a  special  battery — in  which,  indeed,  the  !)attery  is  carried  in  the 
handle  of  the;  ophthalmoscope.  This  instrument  is  shown  in  the  figure. 
A  tuiigsten  lamp  of  2'/.  volts  is  used,  i'e(|uii'ing  but  on(vsixth  of  an 
ampei-e.  Two  siii;ill  i\yy  cells,  of  the  best  (juality  obtainable,  are  placed 
in  the  handle,  and  it  is  claimed  by  the  manut'actui'cr  that  these  cells 
will  give  as  much  service  as  the  old  si\-ccll  pocket  battei'y. 

Mai'|»lc  m()dilic(|  I  )ctinc1 1  "s  (ipht  ludiiioscopc  by  using  a  I  '-shajx'd  mir- 
ror and  adding  a  slide  attachment  to  the  liglit  so  that  it  could  bi;  moved 
uj)  and  down  and  the  distance  dl'  the  liglit  fi'om  the  fundus  to  Ix; 
examined  could  be  ;iltere(|  ;il  the  obser\'er's  convenience. 

Marple  found  that  in  using  tlu;  oi'dinary  miri'or,  the  light  was  un- 
satisfactory and  that  if  he  attempted  to  examine  anything  in  the  lower 
pai't  of  the  fundus,  thei-e  was  al\va\s  a  hori/ontal  line  of  shadow.  This 
was  eliminated  by  using  the  I'-shaped  miri'or.  lie  expei'imented  with 
this  by  covering  the  arms  of  the  iiniToi*  with  blackened  pajx'!',  and 
found  that  wlieni'Vef  he  did  so  the  shadow  feappeaced.  His  oplithal- 
moscoix'  was  (iriginally  used  with  a  dry-cell  battery  oi-  with  the  street 
current  having  a  rheostat  interposed. 

The  ad\antages  of  the  electric  opht halmosc(i|)e  are:  h'irst,  the  ease 
with  which  the  illumination  is  :naruige(l.  In  the  ordinary  I'cflecting 
opht ludmosc.ope  the  angles  ai-e  difficult  to  mastei'  and  the  I'cd  reflex  of 
the  fundus  dis;ippe;irs  with  the  slightest  false  iiiox'e  on  the  obsei'ver's 
part.  It  is  necessary  constantl\-  to  vary  the  an^le  of  the  instrument. 
the  position  of  the  obserxer's  head,  the  position  of  the  patient's  eye, 
and  the  distance  of  the  source  of  light.  iJeginiiers  find  these  points 
very  difficult,  and  experience  is  iH'i'ded  to  oN'ercomc  them.  With  the 
electric  o|)lithalnu)Scope,  the  ilhnnination  takes  cai'e  of  itself.  A  second 
ad\antage  is  that  there  is  no  bright  light  glariu'^  into  the  eye  of  the 
obsei'ver. 

In  using  the  opht  halinoscope  it  is  necessaiy  foi'  the  observer  to  I'e- 
lax  perfectly  his  own  accoinmodat  ion,  as  is  well  known.  This  is  much 
•  'asief  to  do  if  we  ki'cp  the  I'ejlow  eye  open,  but  iiiaM\  lind  thi'  glare  of 
the  light  so  embarrassing  that  it  distr-acls  tiieir  atti  iiliou  and  they  ai'e 
I'orced  to  close  the  fellow  eye.  This  is  partieidarly  the  I'ase  with  be- 
ginners or  with  those  who  do  not  use  the  instrument  I'onstant  l.v,  bul  it 
is  also  ti'Ue  of  certain  more  exf)erienced  ophthalmologists.  With  the 
electrie  ophthalmoscope   the   fellow  eye  of  the  obsei'Vcr  eau   always   be 
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kept  open.  Again,  there  Ix'iiig  no  question  of  an  angle  to  the  rays  of 
light,  it  is  possible  to  get  nnieh  closer  to  the  pupil,  and  a  better  view 
is  obtained  through  a  very  small  pupil,  and  a  larger  field  through  any 
pupil.  Further,  there  is  not  nearly  tlie  extensive  loss  of  light  with 
the  electrie  that  there  is  witli  the  old  ophtliahnoscope,  and  the  image  is 
therefore  brighter.  In  fact,  it  is  claimed — and  the  claim  seems  rea- 
sonable— tliat  there  is  very  little  loss  of  light.  Finally,  the  ease  with 
which  the  instrument  is  used  in  any  position  makes  it  vastly  superior 
for  fundus  examination  of  those  who  are  ill  in  bed  and  unable  to 
sit  up  in  the  position  nsually  required. 

There  is  a  small  disadvantage  in  the  U-shaped  mirror,  in  the  gap 
at  the  top,  which  leaves  a  small  part  of  the  fundus  slightly  shadowed, 
but  this  is  unimportant  as  a  slight  turn  in  the  instrument  brings  this 
part  into  view. 

In  the  indirect  method,  the  electric  ophthalmoscope  works  as  satis- 
factorily as  in  the  direct.  The  ophthalmoscope  is  held  at  the  usual 
distance  and  the  light  is  pushed  up  until  the  image  of  the  flame  appears 
on  the  patient 's  forehead  as  a  bar  of  light.  Then  the  convex  lens  is  in- 
terposed and  a  good  image  of  the  fundus  is  obtained. —  (E.  S.  T.) 

Electric  perimeter.    See  Perimeter. 

Electric  resistance  of  the  eyeball.  This  has  been  studied  by  Hertel 
(Graefe's  Archie,  f.  Ophth.,  LXIX,  1,  1909)  on  the  eyes  of  animals.  He 
finds  that  taking  a  globe  as  a  whole  its  resistance  as  compared  witli 
other  organs  is:  Eyeball,  2,492  ohms;  liver,  10,904  ohms;  muscle, 
5,825  ohms. 

The  electric  conductivit.y  of  the  aqueous  humor  he  found  practically 
equal  to  that  of  the  lilood  serum,  when  correction  was  made  for  differ- 
ence in  albuminoid  content. 

Electric  spud  and  knife-needle.  A  very  ingenious  and  useful  instru- 
ment has  been  devised  hy  two  independent  observers,  almost  at  the 
same  time,  for  removing  foreign  bodies  from  the  cornea  and  for  cer- 
tain other  uses.  The  first  to  be  published  was  the  one  of  R.  L.  Carson 
on  May  9,  1908.  It  consists  of  a  handle  five  inches  in  length  through 
which  nui  the  wires  to  a  tiny  incandescent  condensing  lamp  at  its 
end.  A  short  distance  from  the  end  of  the  handle  is  a  clamp  into 
which  is  fastened  a  spud  of  sufficient  length  and  bent  at  such  an  angle 
as  to  bring  its  tip  into  the  center  of  the  circle  of  light  thrown  by  the 
lamp.  The  manufacturers  later  modified  this  form  by  putting  the 
lamp  on  the  arm,  and  the  spud  on  the  end  of  the  handle,  where  it  was 
fixed  by  a  screw,  so  that  the  inconvenience  of  working  with  an  angular 
instrument  was  eliminated.  Albert  C.  Snell  described  a  similar  instru- 
ment, which  is  shown  herewith. 
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These  instruments  can  be  attached  to  a  small  dry-cell  battery  or  to 
the  lighting  current  controlled  by  a  rheostat.  The  advantages  are  so 
obvious  as  scarcely  to  need  enumeration.  Everj^one  is  familiar  with 
the  difficulties  and  inconveniences  involved  in  holding  the  light,  focus- 
ing it  properly  on  the  cornea,  separating  the  patient 's  lids,  and  hold- 
ing the  instrument  in  the  removal  of  foreign  bodies  from  the  cornea, 
with  only  two  hands.  These  convenient  little  appliances  do  away  with 
a  great  deal  of  the  difficulty,  and  ena])le  the  surgeon  to  hold  the  lids 
with  the  fingers  of  one  hand  while  the  foreign  body  is  removed  by  the 
spud  held  in  the  other.     Two  forms  of  spud  are  supplied — one  sharp, 


Siiell 's  Eloctrii'  Spud  and  Knife  Needle. 

the  other  blunt — which  can  be  taken  from  the  handle  and  sterilized. 
In  fact,  the  whole  handle  may  be  boiled  if  necessary. 

Both  writers  claim  that  the  instrument  can  be  used  for  needling 
after  cataract  extraction,  and  that  it  is  just  as  convenient  for  that  pur- 
pose as  in  the  removal  of  foreign  bodies. 

Electro-aimant.     (F.)     Electro-magnet. 

Electroanesthesia.  Catai'iiorpjtic  anesthesia.  Inability  to  perceive 
the  sensation  made  by  electricity  upon  the  skin  ;  also  local  anesthesia 
induced  by  the  introduction  of  anesthetizing  sultstances  into  the 
tissues  by  means  of  the  electric  current  without  injury  to  the  skin. 
—  (Gould.) 

Electro-cautery.  Sec  Cautery,  Actual,  page  1788,  Vol.  Ill,  of  this 
Enc!jclop(  did. 

Electro-chimique.     (  V.  >     Klectro-chemical. 

Electro-coagulation.  Diaiiikkmy  (Nagelschmidt ).  Dksthictive  ful- 
GL'RATioN.  W.  S.  Kussell  (Joiir.  Advanced  Tlur.,  .Jan.,  1913)  gives 
the  following  account  of  this  method,  which  has  considerable  interest 
for  ophthalmologists.  I^^h'ctro-coagulation  is  a  term  that  has  been 
employed  by  Doyen,  of  i*aris,  to  designate  a  method  in  which  currents 
of  high  frequency  are  used  for  destroying  neoplasms  liy  coagulation. 

Nagelschmidt  uses  the  name  diatheniiy  to  indicate  tlie  same  process, 
and  also  applies  it  to  a  method  in  which  ;in  elevation  of  tctnperalurc  is 
produced   in  the  tissues  witliout  ;iny  dcstfuctivc  ('ffcct. 

Th;it  cufi'cnts  of  \\\\s\\  t'l'c'|iiriicy  [(i-odiicc  ;in  increased  Icnipci'iit  ure 
lias  l)ccn  known  since  dW  rson\;il,  in   IS!)().  showed  thai   if  Ihc  curi'cnt 
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be  allowed  to  pass  through  tht'  body  there  follows  a  decided  rise  of 
temperature  iu  the  tissue  interposed  between  the  electrodes.  It  re- 
mained, however,  for  Doyen,  Nagelschmidt  and  other  investigators 
to  utilize  this  heat  property  in  the  treatment  of  (piite  a  variety  of 
diseased  conditions. 

The  term  "destructive  fulguration"  is  sometimes  applied  to  the 
onlinary  higli-frequency  electro-cauterization  employed  by  many  sur- 
geons and  electro-tlierapeuti-sts  in  the  treatment  of  benign  and  malig- 
nant neoplasms.  In  this  method  a  bipolar  current,  with  a  short 
spark,  is  utilized  for  "burning  down"  the  growth.  With  a  special 
apparatus  a  monopolar  current,  with  long  spark,  as  described  by 
Riviere,  may  be  used.  The  application,  with  various  machines,  of  the 
high-frequency  current,  with  short  spark,  is  the  method  most  fre- 
quently referred  to  as  fulguration,  and  which  is  most  commonly 
confounded  with  the  fulguration  of  de  Keating-Hart.  It  is  also 
designated  as  ' '  electro-carbonization. ' ' 

Doyen  had  conducted  a  series  of  experiments  to  determine  the 
thermal  death-point  of  various  cells,  and  as  a  result,  advanced  the 
opinion  that  cancer  cells  are  much  less  resistant  to  heat  than  are  the 
normal  cells.  By  employing  very  sensitive  thermometers,  and  after 
a  number  of  corroborative  tests,  he  reached  the  conclusion  that  cancer 
cells  are  destroyed  by  a  temperature  of  between  50  and  55  degrees  C. 
(122-131  degrees  F.),  while  normal  cells  are  resistant  up  to  60  degrees 
C.  (140  degrees  F.). 

This  claim,  in  the  opinion  of  Doyen,  having  been  established,  an 
endeavor  was  made  by  him  to  find  that  form  of  heat  that  would  meet 
the  necessary  requirement  of  being  able  to  penetrate  the  deep  tissue 
and  at  the  same  time  to  destroy  the  cancer  cells  lying  therein.  Hot  air, 
superheated  steam  and  hot  water  were  employed,  but  while  these  agents 
acted  most  energetically  upon  the  superficial  structures,  there  was 
absolutely  no  effect  beyond  a  depth  of  4  to  5  millimeters,  and,  conse- 
quentlj^,  the  use  of  them  was  abandoned. 

About  this  time,  1907,  Pozzi  announced  to  the  Academy  of  ^Medicine 
the  use  of  sparks  of  high  frequency  in  the  treatment  of  superficial 
cancer,  whereupon  Doyen  began  the  employment  of  this  modality. 

He  began  to  study  the  action  and  effect  upon  cancer  in  deep  tissues, 
and  finally  claimed  that  the  heat  produced  by  currents  of  sufficient 
strength  causes  a  coagulation  of  the  tissue  and  a  destruction  of  can- 
cer cells,  even  at  a  considerable  depth,  without  a  destruction  of  the 
normal  cells  at  the  same  depth.  The  best  residts  were  obtained  by 
placing  the  patient  in  contact  with  a  metallic  table  connected  with  one 
extremity  of  the  high  frequency  apparatus,  while  the  other  extrem- 
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ity  was  connected  with  the  active  electrode  placed  in  an  insulating 
handle.  Later,  the  technic  was  modified,  the  patient  being  insulated 
in  a  thick  rubber  pad.  Tlie  active  electrode  may  be  placed  directly 
in  contact  with  the  tissue,  thereby  suppressing  all  sparks,  designated 
by  Doyen  as  electro-coagulation,  or  it  may  be  held  a  distance  from 
the  part  under  treatment,  thus  allowing  a  shower  of  very  short  sparks 
to  play  upon  the  area  under  the  electrode.  This  method  is  termed 
bipolar  voltaization  by  Doyen.  See,  also,  p.  3957,  Vol.  V  of  this 
Encyclopc^lia. 
Electrodes,  Ophthalmic.  A  large  number  of  these  devices  for  the 
application  of  the  various  forms  of  electricity  in  ophthalmic  surgery 
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are   on   the   market.     Among  tliciii    arc   simple    insti'iiincnts    for   the 
production  of  electroanesthcsia,  for  cataphoresis  and  electro! i/sis. 

Of  these  devices  perhaps  the  best  known  are  the  electrodes  of  Wirtz. 
According  to  the  inventor,  these  appliances  are  among  the  best  for 
the  induction  of  therapeutic  cataphoresis.  By  this  means  many  di-ugs 
may  be  introduced,  as  deeply  as  ncccl  be,  into  the  ocular  and  oi'lutal 
tissues.  The  cuts  are  self-explanatoi'v.  Iml  it  may  be  said  tliat  figure 
1  is  a  small  instrument  for  moulding  llie  corneal  electrode;  figs.  2, 
3,  4  and  5  are  corneal  electrodes;  figs.  (>.  7  and  8  are  electrodes  for 
the  lid  nuirgins;  figs.  9,  10  ;iiid  11.  coiijiiiii-t ival  electrodes.  Figs. 
2,  6  and  10  show  the  electrodes  prcpai'cd   for  use. 
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Tlie  application  of  eleetrolytical  electrodes  demands,  according  to 
Wirtz,  the  right  selection  of  the  positive  and  negative  pole;  also  a 
knowledge  of  the  chemical  composition  and  of  the  electric  charge  of 
the  ions  of  the  electrolytes  is  necessary.  He  also  says  that  the  anode 
drives  the  ' '  cations, ' '  while  the  cathode  introduces  the  ' '  anions ' '  into 
the  tissues.  Cations  are:  1,  The  metal  molecules  of  salts,  such  as  the 
Na  of  sodium  chloride,  the  Zn  of  zinc  sulphide,  the  Cu  of  cuprous 
sulphide,  etc.  2.  The  hydrogen  of  acids,  such  as  the  H  of  muriatic 
acid,  etc.    3.  The  alkaloids. 

Anions  are:  1.  The  acid  radical  of  salts,  such  as  the  CI  of  sodium 
chloride,  the  SO4  of  sulphuric  acid,  the  NO3  of  nitric  acid,  etc.  2.  The 
hydroxyl  of  bases,  sucli  as  the  OH  of  sodium  hydrate.  3.  The  organic 
acids. 

The  eleetrolytical  solutions  to  be  applied  must  be  dissociated  as 
much  as  possible.     Solutions  of  i/>  to  2  per  cent,  are  most  suitable. 

Another  important  requirement  for  the  therapeutical  application  of 
iontophoresis  is  the  elimination  of  everything  that  influences  the  ex- 
change of  ions.  The  electrolytic  solutions  must  be  prepared  with  dis- 
tilled water  of  the  highest  purity. 

The  electrode-cushion,  i.  e.  the  layers  of  gauze  impregnated  with  the 
drugs,  must  be  so  thick  that  the  ions  at  its  place  of  contact  with  the 
metal  plate  cannot,  during  the  application,  penetrate  into  the  tissues. 
If  this  be  complied  with  and  if  the  electrode  is  freshly  prepared  before 
each  application,  one  need  not  have  the  plate  of  the  electrode  of  the 
same  metal  as  that  contained  in  the  electrolyte.  Uniform  pressure  of 
the  electrode  is  also  required,  otherwise  stronger  effects  would  arise 
in  places  of  greater  pressure  in  consequence  of  a  better  circuit,  and 
some  electrodes  would  even  produce  cauterizations. 

For  the  local  treatment  of  the  skin  and  mucous  membrane  electro- 
lytic electrodes  are  easily  made. 

Take  10  to  20  layers  of  hydrophile  mull,  saturated  with  the  electro- 
lyte, and  put  them  evenly  on  the  parts;  then  cover  by  an  elastic  metal- 
plate,  say  of  tinfoil,  on  which  an  ordinary  electrode  is  placed.  The 
whole  is  fixed  with  a  bandage.  The  surrounding  parts  are  protected 
by  some  isolating  material,  say  gutta-percha. 

The  cornea-electrodes  (Fig.  1  and  2  of  accompanying  cut)  consist 
of  two  parts,  the  cup  a  of  celluloid  and  the  head  with  the  handle  h 
of  the  same  material.  The  cup  which  serves  for  the  reception  of  the 
saturated  gauze  has  at  its  top  a  rounded  rim  and  in  its  inside  a  thread 
el.  The  head  bears  on  its  top  a  zinc  plate  c  to  which  a  metal  pin  through 
the  handle  leads,  joining  it  to  the  clamp  /  of  the  electrode.    At  its  out- 
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side  the  head  is  provided  with  a  thread  corresponding  to  the  one  in 
the  interior  of  the  cup. 

The  arrangement  of  the  electrode  for  use  is  as  follows:  A  small 
round  gauze-disc  consisting  of  from  10  to  15  layers  (larger  hy  one- 
half  the  diameter  of  the  cup),  is  placed  at  the  lower  end  of  the  cup 
and  then  pressed  forward  with  the  handle  of  the  head  through  the  cup 
till  it  appears  in  the  form  of  a  tip  at  the  upper  opening  of  the  cup,  g. 
Then  the  head  is  screwed  on  and  the  gauze  saturated.  The  electrode 
is  made  ready  for  use  by  means  of  a  little  instrument  the  shape  of  a 
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Cornea  Electrodes.      (Wirtz.) 

pipe-filler  (Fig.  3),  consisting  of  a  handle  and  a  globular  head.  With 
this  head  the  protruding  damp  gauze-cushion  is  then  indented  and 
moulded  to  the  form  of  the  cornea,  h.  Success  in  this  moulding  de- 
pends on  the  softness  of  the  gauze,  as  well  as  tlie  size  and  thickness  of 
the  gauze-disc. 

The  conjunctival-electrodrs  must  be  of  such  a  kind  that  the  eyeball 
is  safe  from  the  effects  of  the  current  while  the  conjunctiva,  especially 
the  transition  folds  are  exposed  to  the  current  and  tlie  electrodes  are 
enabled  to  adapt  themselves  uniformly. 

The  conjunctival-electrodes  consist  of  4  loose  parts :  Tlie  protecting- 
plate  a  for  the  eyeball  formed  concavely  in  conformity  with  the  super- 
ficies of  the  eyeball,  the  metal-cup  h,  bearing  the  electrode,  the  small 
protecting-cup  c  for  the  eyelid  rim,  the  handle  d  with  screw-plug  c  and 
{•lamp  //.  The  protecting  cups  and  the  handle  are  of  celluloid.  All  the 
cups  have  tubular  lengthening-pieces  fitting  into  one  another  and  of 
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the  same  material.  Tlie  lengthening-piece  of  the  protecting-cup  for 
the  eyeball  is  provided  in  its  interior  with  a  thread  /  into  which  the 
screw-plng  of  the  handle  sits. 

For  use  the  electrode  is  covered  with  gauze  saturated  with  drugs. 
About  10  layers  of  gauze  with  a  covering  of  unglazed  paper  are  cut  to 
the  oval  form  of  the  metal  plate,  but  a  little  larger  and  perforated  in 
the  centre ;  then  they  are  drawn  over  the  metal-plate.  The  projecting 
rim  is  bent  inwards ;  the  protecting  cup  for  the  eye  is  pressed  on  from 
the  inside,  the  protecting  lid-rim  cup  from  above  and  thus  the  gauze 
fixed.  The  individual  parts  are  connected  with  one  another  by  the 
screw-plug  of  the  handle.  The  latter  is  screwed  into  the  thread  of  the 
protecting-plate  for  the  eyeball  till  its  head  presses  against  the  metal 
tubular  shoulder  of  the  metal  plate.  The  electrode  is  now  ready  for 
use,  the  current  can  pass  through  the  handle  to  the  metal  plate  and 
through  the  electrolyte  into  the  conjunctiva. 

The  surface  of  the  gauze  g  which  acts  as  electrifier  corresponds  in 
shape  to  the  conjunctiva  of  the  lids  and  the  transitional  duplicatures, 
the  lower  protecting-plate  corresponds  to  the  surface  of  the  eyeball 
and  the  upper  one  to  the  eyelid  slit,  i.  e.,  the  eyelid  rims.  The  electrode 
has  a  thickness  of  a  few  millimeters  only. 

Electrodes  for  the  lid  margins  consist  (see  the  cuts)  of  four  parts 
joined  to  each  other :  The  protecting  cup  for  the  eye,  a  zinc  flange,  a 
small  cup  and  a  handle  with  screw-clamp ;  cup  and  handle  are  of  cellu- 
loid; the  handle  is  again  traversed  by  a  metal  rod  connecting  the  zinc 
ledge  with  the  screw-clamp.  For  use  the  zinc  flange  which  corresponds 
to  the  eyelid  rims  is  enveloped  in  gauze  saturated  wuth  drugs. 

When  using  the  eye-electrodes,  all  the  precautions  mentioned  above 
for  the  employment  of  electrolytical  electrodes  in  general  must  be  con- 
sidered first  of  all.  But  a  series  of  special  precautionary  measures  is 
still  to  be  added.  Care  is  to  be  taken  with  the  electrolytes  to  be 
employed  on  the  eyes  that  they  are  not  by  themselves  injurious  at  the 
concentration  in  question.  Then,  whenever  the  conjunctival-sac  is 
treated  the  secretion  of  tears  must  be  taken  into  consideration.  The 
sac  contains  as  electrolyte  the  lachrymal  fluid,  which  on  account  of  its 
principal  constituent,  sodium  chloride,  may  be  considered  equal  to  a 
solution  of  sodium  chloride.  With  regard  to  iontophoresis  of  the  cornea 
this  may  be  left  out  of  consideration  because  only  small  quantities 
are  present,  but  it  collects  in  sufficient  quantity  at  iontophoresis  of  the 
conjunctiva,  partly  owing  to  mechanical  irritation  due  to  the  electrode, 
and  partly  in  consequence  of  the  very  active  ions  employed  for  affec- 
tions of  the  conjunctiva,  that  it  has  to  be  taken  into  particular  consid- 
eration in  order  to  obtain  the  desired  effects.    By  a  combination  of  the 


ELECTRODES,  OPHTHALMIC 


4239 


ions  of  sodium  which  are  rather  indifferent  to  the  conjunctiva,  say, 
with  the  ions  of  zinc  of  the  electrode,  the  effect  will  turn  out  to  be 
much  smaller  with  the  same  strengths  of  current  in  a  given  time  than 
when  pure  ions  of  zinc  are  employed.  This  may  be  regulated  by 
changing  the  strength  of  the  current  and  the  time  of  treatment 
according  to  the  individual  lachrvnnal  secretion. 

Besides  the  lachrj^mal  secretion  another  electrolyte  must  be  taken 
into  consideration  in  the  therapy  of  the  ophthalmic  ions  which  must 
always  be  introduced   into  the  conjunctiva,  before  the  electrode  is 


W.MUEULER&CO. 


Cataphoresis  Electrodes  for  the  Orbital  Margins.     (Wirtz.) 


used,  viz.,  the  cocaine.  As  will  be  seen  below,  the  irons  of  cocaine  are 
very  active  on  the  cornea;  they  are  cations.  If  cations  are  driven 
into  the  eye  a  few  minutes  must  elapse  and  the  conjunctiva  bag  must 
be  well  rinsed  out  after  cocainizing  and  before  electrification.  The 
remaining  quantity  of  cocaine  has  been  found  to  be  of  no  further 
consideration. 

The  cornea  is  best  treated  in  the  following  manner.  The  eye  is 
anesthetized,  the  patient  being  placed  on  a  couch.  The  operator  sits 
down  beside  him,  places  the  indifferent  electrode  in  his  hand  and  tells 
him  to  press  it  against  the  bend  of  the  other  arm.  The  eye  to  be 
treated  is  kept  open  by  a  lid-holder.  Then  the  electrode  is  placed 
lightly  on  the  cornea.  The  cornea  can  easily  be  held  fast  by  slight 
pressure.  With  some  practice  one  can  watch  the  chronometer,  the 
galvanometer  and  the  cornea  and  regulate  the  current  at  the  same 
time. 
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When  treating  small  circumscribed  centers  of  disease  with  elec- 
trodes III  and  IV  the  eye  must  sometimes  be  held  fast  with  fixation 
forceps. 

If  the  finest  gauze  has  been  chosen  as  the  uppermost  layer  the 
cornea  does  not  show  injury  of  the  epithelium  after  treatment  with 
indifferent  electrodes.  In  spite  of  this  Wirtz,  in  every  case,  puts  on  a 
light  protecting  dressing  for  twelve  hours. 

The  conjunctiva  is  best  treated  when  the  patient  is  seated.  The 
introduction  of  the  electrode  is  extremely  easy  after  anesthetizing,  nor 
is  it  in  any  way  painful  for  the  patient.  The  upper  lid  is  turned  up, 
the  upper  edge  of  the  electrode  is  placed  on  the  upper  edge  of  the 
tarsus  and  the  upper  lid  turned  back  on  the  upper  folds.     If  the 
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Morton  's  Cataphoric  Electrode. 


patient  is  now  requested  to  look  upwards,  the  lower  half  of  the  elec- 
trode may  easily  be  placed  behind  the  lower  lid  and  into  the  lower 
cul-de-sac  by  bending  the  handle  of  the  electrode  a  little  more  down- 
wards. By  drawing  in  the  electrode  a  little,  the  active  surface  of 
the  gauze  fits  smoothly  and  elastically  to  the  conjunctiva  of  the  lids 
and  to  the  transitional  duplicatures ;  thereby  the  bulbus  behind  the 
protecting-cup  may  be  removed  freely  to  every  side.  To  conform  to 
different  sizes  of  the  conjunctival  sacs  3  sizes  of  this  electrode  were 
constructed. 

After  use  the  celluloid  parts  of  the  electrodes  that  touch  any 
infective  material  must  be  disinfected.  As  celluloid  will  not  stand 
sterilizing  by  heat,  the  electrodes  are  to  be  put  for  1  hour  into  a  1 
per  cent  solution  of  hydrarg.  oxyzyanat.,  and  afterwards  into  distilled 
water,  where  they  remain  till  they  are  again  used.  Before  using  they 
must  be  rinsed  in  the  electrolytes  to  be  applied. 

IMorton's  high  potential,  high  frequency  cataphoric  electrode  is  said 
to  secure  the  introduction  into  the  living  tissues  of  any  medicament  by 
means  of  the  electric  pressure  and  directional  flow  of  high  potential 
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current.  The  author  states  the  results  may  also  be  due  to  anaphoric 
action. 

Medicaments  thus  used  may  be  detected  quickly  in  the  patient's 
saliva,  blood  and  urine. 

Soule's  eye  electrode  is  a  massage  cup  combining  high  frequency 
and  vibrator  massage  treatment :  ' '  There  are  two  vacuums ;  a  low  for 
inflammatory,  and  high  for  nerve  involvement." 

See,  also,  page  1438,  Vol.  II,  of  this  Encyclopedia. 
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.Soule  's  Eye  Electrode. 

Electro-endoscopy.    Endoscopy  with  electrical  illumination. 

Electrolysis,  (.'ataphoresis.  Electrocoagulation.  Chemical  decompo- 
sition accomplished  by  means  of  electricity ;  in  medicine,  the  removal 
(resolution  of  destruction)  of  tumors,  exudates,  superfluous  or  mor- 
bific hairs,  etc.,  by  means  of  electricity. 

Electric  decomposition  of  the  tissues  has  occupied  a  singular  posi- 
tion in  ophthalmic  surgery.  It  has  its  earnest  advocates,  who  report 
excellent  results  from  time  to  time,  but  the  great  majority  of  practi- 
tioners, from  whatever  cause,  use  it  but  little.  And  yet  the  apparatus 
is  relatively  simple.  A  continous  current  of  2  to  10  milliamperes  is 
necessary,  with  a  positive  electrode  fitted  with  a  sponge,  while  the 
negative  carries  the  needle,  or  whatever  form  of  instrument  may  be 
required. 

As  early  as  1873,  electrolysis  was  used  in  general  surgery,  and 
various  conditions  of  the  eye  have  been  treated  by  its  means  since  that 
date.  Probably  the  first,  and  certainly  one  of  the  most  important 
uses,  is  the  method  for  removal  of  the  hair  follicles.  This  procedure 
is  adapted  chiefly  to  cases  where  only  a  few  hairs  are  to  be  dealt  with, 
as  in  (listichiasis,  where  the  lashes  grow  inward  toward  tlie  cornea  in 
snuiU  groups  or  singly  and  where  the  greater  number  of  the  hairs  are 
unchaiigf'd.  Such  conditions  are  found  principally  in  local  disease  of 
the  lids  wliicli,  occurring  iicai-  tlic   li;iir   follicles,   diverts  them   from 
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their  proper  course,  as  in  the  milder  forms  of  trachoma,  certain  forms 
of  ehahizin,  etc.  At  times  no  cause  can  be  assigned  for  the  eccentric 
growth.  I']{)il;ition  is  most  commonly  practised,  but  is  rather  produc- 
tive t»l'  ultimate  difficulties  than  otherwise,  as  the  hairs  grow  con- 
stantly and  are  apt  to  become  smaller  and  more  difficult  to  remove 
iu  the  course  of  time,  though  little  less  irritating  to  the  cornea.  Elec- 
trolj^sis  offers  us  the  only  sure  means  of  destroying  the  hairs  without 
excessive  scarring.  ^Michel,  in  1875,  described  several  methods  for 
this  purpose,  the  final  one  of  which  is  practically  the  method  of  today. 
In  1869  he  devised  a  cautery  which  consisted  of  a  platinum  point  % 
of  an  inch  in  length  and  of  the  thickness  "of  a  No.  8  sewing  needle. 
This  was  made  white-hot  by  the  passage  of  an  electric  current  and 
then  plunged  into  the  hair  root.  Considerable  reaction  followed,  al- 
though the  method  was  successful.  His  next  plan  was  to  cauterize 
with  silver.  In  a  small  platinum  cup,  or  silver  spoon,  a  piece  of 
nitrate  of  silver  was  fused  and  the  end  of  a  sewing  needle  was  warmed 
and  dipped  into  the  silver  so  as  to  coat  the  needle  for  about  i/4  of  an 
inch.  The  hair  follicle  was  then  split  to  its  base  with  a  broad-pointed 
knife-needle,  and  after  the  bleeding  had  been  stopped  the  needle  bear- 
ing the  silver  was  inserted  into  the  root  of  the  follicle  and  twirled 
around  so  as  to  thoroughly  destroy  the  hair  root.  This  method  also 
was  frequently  followed  by  reaction  and  scarring.  His  final  method, 
as  described  and  adapted  by  Beard,  is  shown  in  the  cut.  An  electric 
outfit  capable  of  furnishing  a  current  of  5  milliamperes  is  required. 
The  negative  electrode  is  furnished  with  a  fine,  sharp  needle  of  gold 
or  platinum;  the  positive,  with  a  sponge  which  is  kept  wet  with  salt 
solution.  The  best  means  of  determining  whether  or  not  the  current 
is  ready  for  use  is  to  immerse  the  two  poles  in  a  bowl  of  water  and 
gradually  turn  on  the  current  until  the  needle  throws  off  a  stream  of 
tiny  bubbles,  indicating  the  decomposition  of  the  water.  The  appara- 
tus is  then  ready  for  use.  Beard  advises  that  the  operator  wear  strong 
convex  lenses  or  the  binocular  stereoscopic  loupe  in  order  to  bring  the 
hair  orifice  plainly  into  view.  The  patient  is  placed  upon  the  operat- 
ing table  and  the  lid  is  held  by  some  suitable  forceps  (in  the  cut,  the 
Beard  forceps).  The  needle  is  then  pushed  down  alongside  of  the 
hair  until  the  point  is  well  within  the  follicle  (three  to  four  milli- 
metres), and  the  sponge  electrode,  wet  with  salt  solution,  is  applied  to 
the  adjacent  temple  or  to  the  opposite  cheek.  As  soon  as  the  boiling 
up  of  gas  around  the  needle  occurs,  the  sponge  is  lifted,  the  needle  is 
withdrawn,  and  the  hair  is  lifted  out.  The  hair  should  come  out  eas- 
ily and  without  any  traction ;  if  such  occurs,  it  is  a  sign  that  the  de- 
struction of  the  root  has  been  incomplete.     Jourdan,  of  Frankfort  am 
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Main,  suggests  that  the  needle  be  dipped  into  shellac  and  then  a  small 
portion  of  the  end  uncovered  by  scraping.  This  protects  the  sensitive 
skin,  lessens  the  pain,  and  renders  less  likely  the  formation  of  puncti- 
form  scars. 

Xanthelasma  was  first  treated  by  electrolysis  by  Wende  and  later  l)y 
Kellogg  and  by  Leplat.  of  Liege,  all  of  whom  have  reported  good  re- 
sults.    Pansier,    of    Avignon,    reports    satisfactory    results   after    five 


Electrolysis  of  the  Cilia.      (Boaid.) 


years'  use  of  the  method.  He  punctures  tlie  xanthelasma  with  the 
negative  needle  and  passes  a  curent  of  6  to  10  milliamperes  through 
it  for  two  or  three  minutes.  The  number  of  treatments  varies  with 
the  case.  Generally  in  four  or  five  days  there  are  only  a  few  small 
nodules  left.  Pansier  believes  it  is  better  to  wail  tw(dve  or  fifteen 
days  between  treatments.  To  diminish  the  pain,  wliich,  however,  is 
not  very  great,  he  advises  rubbing  on,  a  few  minntcs  before  the  treat- 
ment, an  ointment  of  mcniliol,  clibii'al  hydfjitc,  (>r  each,  'A.OD  ■,  lano- 
lin, 6.00. 

Neidcii   reports  iiood   rcsnits   from   clccti'olysis  in   a  case  of  angioma 
of  tbf  liil.      I-'iicbs  also  indorses  tbis  metbcd  of  t  I'i'a!  iiieiit.  " 
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Elot'trolysis  lias  also  been  used  ior  the  destruction  ol;  trachoma 
follicles  and  other  conjunctival  conditions,  but  has  not  found  many 
advocates.     Starkey  recommends  it  for  the  treatment  of  pterygium. 

Of  real  importance  is  the  treatment  of  lachrymal  stricture.  La- 
grange has  advocated  the  method  and  described  it  in  detail,  A 
specially-shaped  stylet  is  attached  to  the  negative  wire,  while  to  the 
positive  is  attached  a  sponge  or  mass  of  cotton  soaked  in  salt  solution. 
The  positive  sponge  is  jjlaced  in  the  nostril  of  the  same  side,  so  that  dur- 
ing the  treatment  the  two  poles  are  only  about  2  cm.  distant  from  each 
other.  The  upper  part  of  the  stylet  is  covered  with  a  non-conducting 
material,  while  the  lower  part  is  bare  so  as  to  be  in  direct  contact  with 
the  mucous  membrane  of  the  nasal  duct.  The  intensity  of  the  cur- 
rent is  gradually  increased  up  to  5  milliamperes,  remains  there  for  a 
few  minutes,  and  is  gradually  diminished.  The  entire  time  of  the 
passage  of  the  current  should  not  exceed  five  minutes.  The  proceed- 
ing is  not  particularly  painful,  and  is  repeated  two  or  three  times, 
as  may  be  necessary.  The  lachrymal-nasal  duct  is  washed  out  with 
an  antiseptic  solution  every  two  days  following,  and  "not  rarely" 
the  cure  is  obtained  from  one  treatm.ent.  The  action  of  the  electric 
sound  has  the  advantage  of  being  germicidal,  which  makes  the  pro- 
ceeding so  much  the  safer.  Beard  commends  the  method  and  says 
that  "the  toughest  strictures  seem  to  melt  like  wax  before  the  elec- 
trically charged  sound." — (E.  S.  T.) 

See,  also,  Electrodes,  Ophthalmic;  also  Vol.  II,  p.  1438,  of  this 
Encyclopedia. 

C.  S.  Neiswanger  also  explains  that  in  cataphoresis  the  medicament 
is  introduced  into  the  tissues  and  circulation  by  means  of  the  direct 
current.  He  further  states  that  misleading  statements  have  appeared 
in  literature  regarding  this  process,  the  principal  one  being  that  be- 
cause the  movement  of  a  direct  current  is  from  the  positive  to  the 
negative,  all  medicines  must  be  placed  upon  the  positive  electrode  so 
as  to  be  forced  or  pushed  along  in  the  direction  of  the  current. 

Cataphoresis,  however,  is  an  electrolytic  process,  following  closely 
the  law  of  electrolysis,  and  whenever  suitable  medicine  is  placed  upon 
either  pole  of  a  galvanic  battery,  that  medicine  is  decomposed  or 
broken  up  into  its  elements  or  ions.  These  ions,  then,  having  an 
affinity  for  one  or  the  other  pole  of  the  battery,  the  selection  of  the 
active  pole  would  depend  upon  which  part  of  the  medicament  we  wish 
to  use.  Suppose,  for  instance,  we  have  a  solution  of  lithium  citrate 
on  one  of  the  poles  of  an  acting  galvanic  battery,  the  current  in  pass- 
ing through  the  solution  breaks  it  up  into  lithium  and  citric  acid. 
The  lithium  or  base  has  a  strong  affinity  for  and  moves  toward  the 
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iK'gative  pole,  wliile  the  citric  acid  lias  just  as  strong  atitiiiity  for  the 
positive.  It  becomes  evident  at  once  to  the  most  casual  observer,  that 
if  it  is  desired  to  utilize  the  lithium  as  the  medicament  it  must  be 
placed  upon  the  positive  pole  because  it  is  repelled  by  that  pole,  and, 
in  seeking  its  affinity,  the  negative — which  is  on  some  other  part  of  the 
body — it  is  carried  deeply  into  the  tissues,  the  depth  depending  upon 
the  amperage  employed  and  the  length  of  time  it  is  allowed  to  flow. 
If,  however,  the  solution  be  placed  on  the  positive  electrode  for  the 
purpose  of  utilizing  the  lithium  or  ])ase,  as  described  above,  the  citric 
acid,  having  no  affinity  for  the  negative,  will  remain  at  or  upon  the 
positive  electrode  and  not  penetrate  the  tissues. 

It  is  not  hard  to  formulate  a  rule  to  govern  us  as  to  these  cataphoric 
applications,  because  the  substances  used  for  this  purpose  are  what  we 
might  call  binary  compounds,  or  those  composed  of  a  base  and  an  acid. 
If  it  were  kept  in  mind  that  all  bases,  whether  metallic  or  alkaloidal, 
have  an  affinity  for  the  negative  and  are  repelled  by  the  positive,  and 
that  the  acid,  or  that  which  takes  its  place,  has  just  as  strong  affinity 
for  the  positive  and  is  repelled  b}^  the  negative,  then  the  rule  would 
be  stated  as  follows:  If  we  wish  to  utilize  the  base,  the  medicament 
should  be  placed  on  the  positive  pole,  but  if  it  is  the  acid  that  is  de- 
sired we  must  use  it  from  the  negative  pole. 

A  few  practical  applications  will  serve  to  illustrate  the  rule.  Sup- 
pose we  are  treating  a  case  of  indolent  goitre  and  wish  to  utilize  the 
resolvent  properties  of  iodin.  We  will  use  a  solution  of  potassium 
iodide — any  strength — in  which  the  potassium  is  the  base  and  tlie 
iodin  takes  the  place  of  the  acid.  It  is  evident  that  the  solution  must 
be  used  upon  the  negative  pole  because  the  iodin  is  repelled  by  that 
pole  and  taken,  in  a  minutely  subdivided  and  nascent  state,  into  the 
enlarged  gland. 

In  treating  these  cases,  especially  where  the  enlarged  gland  is  hard, 
and  it  is  desirable  to  gain  time,  the  writer  often  uses,  hypodermically, 
dilute  Lugol's  solution,  which  is  diffused  b}^  leaving  the  hypodermic 
needle  in  place  and  using  it  as  the  negative  electrode.  For  this  pur- 
pose it  is  only  necessary  to  take  an  all  metal  hypodermic  syringe  and 
solder  on  it  a  receptacle  for  the  cord  tip.  Such  an  electrode  is  also 
valuable  for  the  painless  removal  of  growths,  l)y  first  injecting  into 
them  a  drop  or  so  of  solution  of  cocaine,  and,  without  removing  the 
needle,  which  is  attached  to  the  negative  pole,  turn  on  sufficient  cur- 
rent to  decompose  the  growth  withoni  causing  tlie  ])aticnt  any  appre- 
ciable pain. 

We  can  produce  the  most  profound  local  anesthesia,  through  the 
skin,  by  using  solution   of  cocain   cataphoi-ically   and   do   minor  sur- 
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gieal  work,  such  as  the  removal  of  small  growths,  or  the  incision  of  an 
ahscess,  without  pain  to  the  patient. 

As  mentioned,  electrolysis  has  also  been  successfully  employed  in 
the  treatment  of  trachoma  and  in  neoplasms.  Lindsay  Johnson 
{Archives  of  Ophthalm.  Vol.  XIX,  p.  264,  1890)  has  devised  a  method 
of  electrolysis  in  the  former,  after  preliminary  scarification.  The  de- 
tails of  this  operation  will  be  readily  understood  from  the  author's 
description  as  follows:  The  patient  being  placed  under  a  general 
anesthetic,  the  upper  lid  is  everted  over  the  end  of  the  vulcanite  spat- 
ula, and  the  conjunctiva  kept  tightly  stretched  over  it  by  means  of 
the  double  hook.     See  the  figures. 

This  should  be  inserted  close  to  the  free  edge  of  the  mucous  mem- 
brane of  the  eyelid.  The  hook  and  spatula  should  now  be  firmly  held 
between  the  finger  and  thumb  of  the  left  hand,  while  the  three  bladed 
scalpel,  or  "sillonneur"  is  taken  in  the  right  hand.  This  should  be 
held  tightly  like  a  pen,  and  the  movable  guard  adjusted  to  a  distance 


Hook  for  Holding  Eyelid  when  Everted.      (Lindsay  Johnson.) 

of  2  mm.,  3  mm.  or  4  mm.  from  the  tip,  according  to  the  looseness  of  the 
conjunctiva,  the  edema  of  the  papillae,  and  the  general  appearance  of 
the  lid — in  other  words,  the  more  succulent  the  mucosa,  or  the  larger 
and  thicker  the  papillae,  and  the  more  swollen  and  congested  the  parts 
generally,  the  deeper  must  be  the  incision.  The  incisions  are  best 
made  parellel  to  the  edge  of  the  lid  in  a  gentle  curve,  the  first  incision 
being  made  close  to  the  edge  and  the  others  following  in  regular  suc- 
cession towards  the  retrotarsal  fold.  About  fifty  small  tufts  of  ab- 
sorbent cotton-wool,  previously  dipped  in  an  aqueous  solution  of  boric 
acid  or  hydronaphthol  1:100,  and  then  squeezed  nearly  dry,  to  be 
kept  in  readiness  by  the  assistant,  who  should  rapidly  mop  up  the 
blood  in  the  track  of  the  sillonneur  (three-bladed  scalpel). 

Having  made  a  complete  cut  from  corner  to  corner  ynih.  the  sillon- 
neur, the  next  incision  must  be  made  in  the  track  of  the  first,  i.  e.,  the 
first  blade  of  the  sillonneur  must  run  in  the  groove  made  by  the  third 
blade  of  the  previous  cut.  The  cuts  must  be  made  by  a  finger  and  not 
by  hand  motion,  otherwise  the  cuts  will  not  reach  the  further  side  of 
the  lid.  After  several  cuts  have  been  made  in  this  way,  the  hook 
must  be  released  and  reinserted  farther  away  from  the  free  edge,  so 
as  to  put  the  swollen  retrotarsal  fold  on  the  stretch.  The  cuts  are  to 
be  continued  several  times  in  this  manner,  and  the  hook  is  to  be  rein- 
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serted  at  the  posterior  border  of  the  cartilage,  so  as  to  get  the  whole 
of  the  retrotarsal  fold  over  the  end  of  the  spatula ;  by  this  means  the 
whole  of  the  conjunctiva  nearly  up  to  the  bulb  can  be  incised.  The 
bleeding  is  sometimes  excessive,  but  can  always  be  controlled  by  firm 
pressure  with  the  cotton  pads  on  the  conjunctiva. 


Horn  or  Celluloid  Spatula,  Laid  on  the  Upper   (or  Lower)   Kim  of  the  Orbit,  the 
Everted  Lid  Over  it  and  Held  by  the  Double  Hook.      (Lindsay  Johnson.) 

It  is  generally  advisable  to  operate  on  both  upper  lids  one  day  and 
both  lower  lids  a  few  days  later,  as  it  is  rare  to  find  only  one  eye  af- 
fected, and  wci'c  ])oth  lids  of  one  eye  operated  on  the  same  day  the  in- 
flammation set  up  might  be  excessive. 

This  part  of  the  operation  ought  not  to  take  more  than  three  minutes 
for  each  lid. 

Second  stage.  The  spatula  being  held  under  the  everted  lid  as 
before,  and  the  hook  reinserted  in  its  first  position  near  the  free 
margni,  tlic  cli-ctfolyser  (see  the  figures)   is  now  connected  by  wires 
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with  a  battery.  Johnson  uses  a  Stohrer's  carbon  and  zinc  battery  of 
twenty  cells.  The  instrument  being  held  in  the  right  hand,  the  lower 
edges  of  the  two  platinum  blades  are  pressed  firmly  in  the  first  two 
grooves  nuide  by  the  sillonneur  and  very  slowly  drawn  along  the  fur- 
rows from  end  to  end.  About  four  or  six  cells  (equal  about  thirty 
milliamperes)  are  used,  and  il'  in  good  working  order  the  result  will 
be  at  once  seen  by  the  thick  foamy  cream  which  rises  round  the  blades. 
This  is  due  to  bubl)les  of  hydrogen  which  are  given  off  at  the  terminals 
(the  platinum  blades),  and  which,  mixing  with  the  blood  and  exuda- 
tion, form  the  yellowish-looking  froth.  All  the  grooves  are  taken  in 
turn,  being  slowlj^  opened  up  along  the  lid  from  end  to  end. 

Frequently  the  spatula  will  have  to  be  shifted  to  enable  the  lid  to 
be  put  well  on  the  stretch  and  to  allow  of  the  platinum  blades  reach- 
ing well  into  the  corners.     The  foam  all   the  time  must  be  rapidly 


Spatula  Curved  so  as  to  Best  Against  the  Upper  Surface  of  the  Lid. 

and  repeatedly  sponged  away,  and  especially  from  around  and  be- 
tween the  blades.  This  stage  of  the  operation  takes  about  eight  or 
nine  minutes  for  each  lid,  as  the  blades  have  to  be  drawn  through  all 
the  furrows  very  slowly  from  the  free  edge  of  the  lid  to  the  last  in- 
cision made  with  the  knife.  It  will  be  found  that  the  electrolytic 
action  tends  to  stop  the  bleeding  rapidly,  so  no  fear  of  after  hem- 
orrhage need  be  entertained. 

Strong  electrolytic  currents  should  be  avoided.  The  writer  finds 
that  from  four  to  six  cells  give  the  most  satisfactory  results. 

Should  the  retrotarsal  fold  be  very  loose  and  much  thickened,  it 
may  at  this  juncture  be  found  advisable  to  dissect  out  a  narrow  strip 
of  conjunctiva  along  the  whole  length  of  the  fold.  This  may  be  hooked 
up  by  means  of  Galezowski's  double  forceps,  or  the  ordinary  fixation 
forceps.  Unless  the  conjunctiva  be  very  loose,  it  is  best  not  to  remove 
the  strip  of  conjunctiva,  or  at  least  only  to  remove  a  very  narrow  one 
— 1  mm.  or  11/2  mm. — else  too  much  of  the  fold  may  be  picked  up,  and 
the  movements  of  the  eye  ball,  if  not  limited,  at  any  rate  slightly  dis- 
figured by  an  ugly  fold,  when  the  eyes  are  rolled  upwards.  This,  of 
course,  can  only  happen  in  the  case  of  the  lower  lid,  as  the  upper  one 
overlaps  too  much  to  render  any  fold  visible  without  everting  the 
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lid.  But  iu  the  majority  of  cases  the  incisions  made  with  the  sillon- 
neur  will  be  found  to  do  all  that  is  necessary  both  for  opening  up  the 
hiding-places  of  the  follicles  which  crowd  the  recesses  of  the  fold,  and 
for  cutting  off  the  supply  of  blood  from  the  vessels  which  help  to  pro- 
duce the  pannus.  Johnson  rarely  finds  it  necessary  to  cut  this  strip 
away  from  the  lower  lid,  and  he  uses  it  exceptionally  in  the  case  of 
the  upper  one. 

Last  stage  of  the  operation.  Both  lids  are  now  washed  free  from 
blood,  sprinkled  with  a  5  per  cent,  cocain  solution  and  dusted  with 
calomel.  Finally  they  are  smeared  over  with  an  ointment  made  of 
vaseline  and  hydronaphthol,  1  to  800,  and  the  eye  bandaged  up  with 
thick,  moistened  compresses.  Should  the  inflammation  during  the 
next  twenty-four  hours  be  at  all  severe,  which  may  be  judged  by  the 
swelling  of  the  eyelids,  ice  compresses  are  applied  and  frequently 
changed. 

For  forty-eight  hours  the  discharge  from  the  lids  is  often  con- 
siderable and  many  of  the  follicles  slough  out,  but  between  the  second 
and  third  day  a  decided  change  for  the  better  sets  in  and  the  wounds 
rapidly  heal. 

Formerly  it  was  found  necessary  to  repeat  the  operation  on  both 
upper  and  lower  lids,  but  by  using  a  weaker  current,  and  at  the  same 
time  using  the  platinum  blades  more  thoroughly  and  systematically, 
he  found  one  operation  quite  sufficient. 

As  soon  as  the  wounds  have  healed  up  he  washes  the  lids  with  a  hot 
boric  lotion  each  day,  afterwards  smearing  them  over  with  vaseline  or 
hydronaphthol  ointment,  1  :800.  This  should  be  continued  for  at 
least  three  weeks.  It  "is  not  necessary  to  keep  the  patient  in  bed  dur- 
ing the  treatment.  Great  care  should  be  taken  not  to  touch  the  cornea 
during  the  operation,  as  rather  severe  ulcers  and  abscesses  may  ensue 
by  neglecting  this  precaution. 

Ombini  {(Jazctta  Medica  Italiana,  1877)  is  said  to  have  been  the 
first  to  use  electrolysis  alone  in  the  treatment  of  trachoma.  The 
method  has  some  very  enthusiastic  advocates,  among  whom  may  be 
mentioned  Malgat  {Recueil  d'  Ophtal.,  Feb.,  1895),  Coppez  (Beila- 
geJieft  zur  Zeitsch.  filr  Augenhlk.,  IT,  1899,  p.  78)  and  Myers  {The 
Treatment  of  Chronic  Grrnnihitions  of  the  Eyelids  by  Electrolytic 
Action,  1891).  See,  also,  Trachoma.  Tlie  latter  everts  the  lids  and 
applies  4  per  cent,  cocain  dii-cctly  to  tlir  ])oint  he  intends  to  attack. 
An  extremely  sensitive  granulation  is  anesthetized  by  ajiplying  the 
solid  drug  directly  to  it.  AVitli  a  current  of  l^/o  to  2  milliamperes,  a 
wry  delicate  phit  iiiiiiii  elect  r-odc  is  |)luiiged  into  tlie  griiiiiilation,  with- 
drawn and  the  cojignlated  iii;ilefi;il  washed  awa\'  with  a  satnfat<'(l  solu- 
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Blades  Spread  Apart  to  Clean. 
(Lindsay  Johnson.) 
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tion  of  boric  acid.  The  seances  are  repeated  until  all  the  granules 
have  been  similarly  attacked. 

Pansier  {TraitS  d'Electro-therapie  oculaire,  1896)  has  obtained 
improvement,  but  never  permanent  cures  by  this  method. 

Margaret  A.  Cleaves  (Trans.  Am.  Ekctro-Thcr.  Assn.,  Sept.,  1903) 
states  that  thirty-seven  applications  of  zinc  electrolysis  (2i/2  milliam- 
peres)  for  two  minutes  at  each  sitting,  cured  a  case  of  neglected 
trachoma ;  improvement  was  noticed  in  ten  days. 

Among  the  uses  of  electrolysis  is  that  in  fistula  of  the  cornea.  Corn- 
wall cured  such  a  ease,  in  which  an  unfavorable  prognosis  had  been 
given.  The  opening  was  situated  near  the  corneal  periphery  and  was 
so  small  that  nearly  normal  tension  was  maintained.  His  procedure 
was  as  follows:  The  point  of  a  jeweler's  broach  was  bent  at  a  right 
angle  to  the  main  shaft,  the  bent  portion  measuring  about  one  milli- 
metre in  length.  Under  cocain  anesthesia  this  was  inserted  into  the 
fistula.  The  dispersing  electrode  was  placed  on  the  cheek.  A  cur- 
rent of  the  strength  of  1/4  milliampere  was  used.  The  bent  portion  of 
the  electrode  was  rotated  so  as  to  describe  a  circle,  and  in  this  way 
the  cornea  and  iris  were  eroded.  The  eye  was  bandaged  for  two  days. 
A  complete  cure  followed. —  (J.  M.  B.) 

Electrolysis  in  ocular  tuberculosis  will  be  considered  under  Tuber- 
culosis of  the  eye. 

Electrolysis  has  also  been  successfully  employed  in  the  treatment  of 
detachment  of  the  retina.  See  Retina,  Detachment  of  the;  in  the 
various  forms  of  vascular  tumors  of  the  eye,  including  all  the  varieties 
of  nevus  and  angioma;  in  molluscum  epitheliale;  in  keloid;  in  many 
palpebral  skin  affections  and  in  most  of  the  other  neoplasms. 

Of  the  new  growths,  ocular  cysts  have  also  been  successfully  re- 
moved by  electrolysis.  For  example,  Poissonier  (La  Clinique  Ophtal., 
Vol.  XVII,  Dec,  1911,  p.  646)  made  use  of  this  electrolytic  procedure 
in  a  female  patient,  the  lower  part  of  whose  iris  presented  a  trans- 
lucent tumor  the  size  of  a  jx'a.  With  a  small  iridoj)latinuin  needle 
attached  to  the  positive  pole  llic  tumor  Avas  transfixed  and  a  current 
of  four  milliamperes  passed  foi-  two  minutes.  The  cyst  emptied  it- 
self, and  the  iris  returned  to  its  normal  position.  The  iiext  day  tlie 
pain,  previously  constant,  had  disappeared,  and  the  iris  was  normal. 
Atropin  was  prescribed.  A  week  later  the  pain  was  still  absent,  the 
upper  part  of  the  pupil  dilated,  less  in  the  lower  part.  Three  months 
later  the  condition  was  still  the  same.  See,  also  Tumors  of  the  eye; 
Cataphoresis,  as  well  as  the  general  subject  of  Electricity  in  oph- 
thalmology. 
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Electromagnet.  As  will  he  seen  under  the  lieading  Electricity,  this 
instrument  is  made  by  passing  a  current  through  a  coil  of  insulated 
copper  wire  wound  around  a  core  of  soft  iron.  A  magnet  strongly 
attracts  iron,  nickel  and  co])alt.  Unlike  poles,  as  N  and  S,  attract; 
like  poles  repel  each  other.  When  an  electric  current  passes  through 
a  wire,  magnetic  lines  of  force  are  always  formed,  which  encircle  the 
wire  at  right  angles;  and,  if  a  magnetic  needle  be  brought  near,  it 
will  tend  to  place  itself  parallel  to  the  lines,  that  is,  at  right  angles  to 
the  current  as  shown  in  the  milliampere  meter. 

The  magnet  was  primarily  employed  in  ophthalmic  surgery  by 
Dixon,  in  London,  in  1859,  although  an  ineffectual  attempt  had  been 
made  by  Meyer,  of  Minden,  as  early  as  1842;  and  there  are  several 
suggestions  as  to  the  use  of  the  magnet  for  the  removal  of  foreign 
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bodies  from  the  eye  to  be  found  in  literature,  the  earliest  of  which, 
so  far  as  known,  is  by  Fabricius  Hildanus  in  1646.  Other  references 
are  by  Milhes,  in  1745,  Morgagni,  in  1779,  and  by  Himley,  in  1843. 
Dixon's  case  had  part  of  the  blade  of  a  pair  of  scissors  in  the  vitreous, 
where  it  had  been  for  four  weeks.  He  used  a  large  permanent  mag- 
net, and  drew  the  steel  close  to  the  wall  of  the  globe,  from  which  point 
it  was  removed  by  forceps  through  a  scleral  incision.  In  1874  Mc- 
Keown,  of  Belfast,  succeeded  in  removing  a  piece  of  steel  from  the 
vitreous  and  saving  the  eye.  He  used  a  permanent  magnet  eight 
inches  long,  one  inch  broad,  and  one  line  thick,  tapering  to  a  point  at 
each  end.  He  inserted  the  tip  of  the  magnet  into  the  vitreous  through 
the  scleral  wound  and  withdrew  the  foreign  body.  The  method  was 
commended  by  Snell  and  the  idea  was  soon  taken  up  by  many  other 
ophthalmologists. 

Hirschberg,  in  1877,  after  some  preliminarj^  experimentation,  con- 
structed an  electro-magnet  consisting  of  a  closely  wrapped  coil  of 
fine,  copper  wire  surrounding  a  soft  iron  bar,  one  end  of  which  was 
drawn  out  at  the  point.     The  ends  of  the  wire  were  connected  with  a 
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powerful  galvanic  current.  This  magnet,  somewhat  modified,  has  held 
its  own  and  is  still  extensively  used.  It  can  be  operated  by  a  storage 
battery  or  in  connection  with  the  street  lighting  current.  In  connec- 
tion with  one  zinc  carbon  element  it  will  lift  at  its  point  a  weight  of 
iron  of  from  100  to  120  g.,  while  with  five  cells  as  much  as  575  g.  can 
be  lifted  (Gruening).  Several  different  forms  of  points  are  now  con- 
structed which  are  detachable  and  can  be  sterilized.  This  magnet 
has  not,  however,  attractive  force  enough  to  influence  a  small  foreign 
body  unless  the  point  is  brought  into  direct  contact  with  the  particle, 
and  indeed  Hirschberg's  original  plan  was  to  insert  the  tip  into  the 
interior  of  the  globe  and  withdraw  the  foreign  body  on  the  magnet's 
tip. 

Sulzer,  in  1894,  modified  Hirschberg's  magnet  by  shaping  it  like  a 
horseshoe,  basing  his  idea  upon  the  fact  that  this  shape  gives  the 
greatest  attractive  force  in  a  permanent  magnet.  However,  his  idea 
has  not  been  generally  adopted. 

Snell,  in  1881,  first  published  a  description  of  his  magnet,  which 
consisted  of  a  core  of  soft  iron  wound  with  copper  wire,  with  detach- 
able points  of  various  shapes.  It  was  somewhat  similar  to  Hirsch- 
berg's. 

Gruening,  in  1880,  described  a  small,  permanent  magnet  which  is  at 
times  very  useful  for  extracting  foreign  bodies  from  the  anterior 
chamber,  or  wherever  they  may  be  brought  plainly  into  view.  It 
consists  of  a  number  of  steel  rods  fitted  into  an  iron  cap  at  each  end, 
one  of  which  is  provided  with  a  conical  point  of  malleable  iron.  By 
contact  with  the  dynamo  the  apparatus  is  made  magnetic,  and  remains 
charged  for  about  one  year.  The  point  must  be  brought  into  direct 
contact  with  the  foreign  1)ody  in  order  to  exercise  any  attractive 
force. 

Bradford,  at  al)Out  this  period  constructed,  after  considerable  ex- 
perimentation, a  magnet  consisting  of  a  core  of  soft  Norway  iron, 
one-third  of  an  incli  in  diiimeter  and  two  and  oiie-lialf  inches  in  length. 
To  one  end  of  this  solid  cylinder  was  riveted  a  flat  circular  disc  of 
the  same  material,  one  infli  in  diameter  and  one-sixteenth  of  an  inch 
thick.  Tlie  core  was  wrnppcd  with  insulated  copper  wire.  Bradford 
claimed  that  larger  magncis  would  offer  no  advantages  over  his  model, 
of  which  the  suspensive  force  was  twenty  ounces.  His  magnet,  how- 
ever, was  intended  to  l)e  placed  in  contact  with  the  foreign  body  and, 
as  lie  remarks,  "their  field  is  no  more  intense  fi.  e.,  lai-gcr  magnets), 
and  unless  the  foreign  l)0(ly  is  of  many  ])onnds  weight  they  do  not 
exert  any  greater  force." 

irulibell,  in  1884,  devised  a  magnet  of  about  the  same  size  as  Brad- 
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fonrs  but  of  greater  strength.  It  was  3y«  inches  in  length  and  less 
than  =)4  ineh  in  diameter,  or  3!)  em.  by  17  mm.  The  core  was  not 
of  solid  iron,  but  was  composed  of  small,  soft  iron  wires  twisted  to- 
gether around  a  larger  central  wire.  The  suri-ounding  wires,  or  the 
"coil,''  consisted  of  four  wires,  each  running  from  one  connecting  post 
to  the  tip  and  back  again  to  the  other  connecting  post.  In  this  man- 
ner a  greater  attractive  force  was  secured.  It  was  energized  by  a 
quart,  single-cell,  bichromate  battery.  With  the  shortest  and  thickest 
point  it  would  hold  31  ounces  of  iron. 

Ilaah's  DKujiict.  In  1892,  at  the  meeting  of  the  Ophthalmological 
Society  at  Heidelberg,  Haab  presented  his  "giant"  magnet,  which 
was  the  most  powerful  form  that  had  been  produced,  although  the 
one  devised  by  Schlosser  "had  been  manufactured  a  short  time  previ- 
ously and  was  nearly  as  large  as  Haab's.  Haab's  magnet  was  de- 
signed to  overcome  the  difficulty  of  bringing  the  magnet  in  contact 
with  the  foreign  body.  As  is  well  known,  the  force  of  any  electro- 
magnet decreases  rapidly  as  the  object  is  removed  from  the  center  of 
the  magnet's  pole  (the  attraction  varies  inversely  as  the  square  of  the 
distance),  and  this  fact  made  it  necessary  to  closely  approximate,  if 
not  actually  to  touch,  the  tip  of  any  of  the  small  magnets  to  the  for- 
eign l)ody.  Haab 's  idea  was  to  have  a  magnet  of  such  strength  that  it 
would  act  on  the  foreign  body,  even  if  it  should  be  a  very  small  one, 
if  the  point  was  within  an  inch,  or  thereabouts,  of  the  body,  and  thus 
obviate  the  necessity  of  introducing  the  tip  into  the  vitreous.  Indeed, 
his  plan  was  to  apply  the  magnet  to  the  corneal  center  and  draw  the 
foreign  l)ody  forward  into  the  anterior  chamber  through  the  suspen- 
sory ligament  of  the  lens,  from  which  point  it  could  be  removed  by 
an  incision  at  the  limbus,  thus  avoiding  any  interference  with  the 
vitreous  through  a  scleral  incision.  The  instrument  could  also  be 
used  to  diagnose  the  presence  of  a  foreign  body.  The  body  of  the 
magnet  is  a  cylinder  of  soft  iron  10  cm.  in  thickness  and  60  cm.  in 
length.  The  cylinder  is  provided  with  a  detachable  conical  point  at 
each  end,  and  is  wound  with  a  coil  of  copper  wire  at  each  end,  the 
whole  coil  weighing  57  kilogrammes.  It  is  supported  on  a  wooden 
frame  135  em.  in  height,  which  is  on  rollers,  so  that  the  position  of 
the  apparatus  can  be  shifted  at  will.  It  is  run  either  by  a  connec- 
tion with  a  dynamo  or  directly  from  the  street  .current  of  110  volts. 
It  is  provided  with  a  rheostat,  so  that  the  force  of  the  current  can  be 
regulated,  and  has  a  switch  so  that  the  current  can  be  turned  on  and 
off  as  required.  Haab  now  has  a  switch  which  he  controls  with  his 
foot,  so  that  the  current  may  be  very  quickly  cut  off  should  any  emer- 
gency arise.    The  magnet,  in  its  usual  form,  is  set  on  a  rotatory  joint. 


ELECTROMAGNET 


4255 


so  that  it  may  be  turned  around,  and  further  ha.s  a  joint  allowing  it  to 
l)e  tilted  up  and  down,  so  that  it  may  be  easily  approximated  to  tlie 
eye  of  the  patient  as  he  sits  upright  before  it.  It  has  also  been  eon- 
strueted  witli  heavy  counterpoise  weights,  or  hung  on  heavy  chains, 


Haab's  Magnet. 

so  that  it  may  he  used  willi  the  patient  in  the  I'ecumbent  position  on 
an  operating  table. 

Schlosser's  magnet  was  composed  of  a  central  cylinder  13  cm.  long 
and  4  cm.  in  diameter,  wound  with  a  single  coil  of  500  turns  of  copper 
wire.  It  required  a  current  of  30  volts.  Later  it.  was  modified  so 
as  to  be  used  with  110  volt  current,  with  20  to  30  amperes,  making  its 
force  equal  to  Ilaab's  model.  'IMie  mounting  was  on  an  adjustable 
stand  of  wood,  and  a  circular  chin-rest  was  added. 

Johnson,  of  Paterson,  N.  J.,  has  devised  a  powerfnl  hand  magnet 
with  inter'tial  resistance  sufficient  to  eiuihle  it  to  l»e  attached  to  the 
110  volt  ciirreMf.     This  iiiagiief   is  7' ^  ineiies  long  and  is  wound  with 
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single,  silk-covered  niaiiiiel  wire,  the  total  weiglit  being  3  pounds,  10 
ounces. 

Lippiiieott,  of  I'iltsluirg,  has  also  devised  a  magnet  which  is  port- 
able and  iiioi'e  easily  managed  than  llaal)'s,  but  is  much  less  powerful. 
This  magnet  is  12  inches  long,  2Vi>  inches  in  diameter,  and  weighs  niue 
pounds.      It  is  usually  suspended  from  the  ceiling. 

Mayweg  has  devised  a  magnet  which  is  similar  to  that  of  Schlosser 
but  has  1,000  turns  of  wirc^  instead  of  500,  as  iu  Schlosser 's.  It  has 
a  screw  attachment,  so  that  it  may  be  easily  approached  to  the 
patient's  eye. 

Sehenkel's  magnet  is  composed  of  a  bar  of  soft  iron  55  cm.  in 
length.  The  poles  are  joined  to  the  main  bar  by  a  sort  of  "ball  and 
socket"  joint,  which  permits  free  movement  in  any  direction. 

Sweet  has  constructed  a  hand  magnet  which  he  has  shown  by  ex- 
periment to  be  considerably  more  powerful  than  the  Hirschberg.  It 
is  10%  inches  in  length,  2i/2  inches  in  diameter,  and  weighs  slightly 
over  ten  pounds.  The  core  is  liA  inches  in  diameter,  one  end  being 
rounded  and  the  other  tapped  to  accommodate  points  similar  to  the 
Hirschberg.  The  core,  instead  of  being  uniform  in  diameter,  grad- 
ually tapers  toward  the  end  to  which  the  tips  are  attached,  being 
elliptical  in  longitudinal  section,  the  windings  of  the  wire  at  the 
tapered  end  being  more  numerous  than  at  the  rear  portion.  This 
method  of  construction  was  followed  in  the  belief  that  there  would 
be  secured  a  more  perfect  saturation  of  the  pole  of  the  magnet.  It  is 
attached  directly  to  the  lighting  circuit  for  use. 

Volkmann,  of  Berlin,  has  designed  a  large  magnet  which  differs 
materially  in  its  construction  from  those  already  mentioned.  It  is 
composed  of  a  very  long  bar  of  soft  iron,  95  cm.  in  length  and  5  cm.  in 
diameter.  The  wanding  is  much  thicker  at  the  end  which  is  used  for 
attracting  the  foreign  body,  where  the  diameter  of  the  instrument  is 
14  cm.,  while  at  the  other  end  the  diameter  is  but  10  cm.  This 
method  of  winding  is  for  the  purpose  of  concentrating  the  greatest 
magnetic  force  at  the  pole.  This  force  being  exceedingly  intense  and 
having  to  make  a  circuit  to  the  uncovered  and  comparatively  distant 
pole  through  a  path  of  air,  must  occupy  a  large  and  elongated  sphere 
of  action  of  which  the  iron  core  may  be  said  to  be  the  center,  bisecting 
it  through  its  longest  diameter.  The  circumference  of  this  sphere  of 
magnetic  activity  extends  eccentrically  beyond  the  magnetic  poles,  and 
passes  close  to  the  unw-ound  end  of  the  core  and  at  an  exceptionally 
great  distance  from  the  working  pole,  giving  a  far-reaching  exhibition 
of  attractive  power  at  the  magnet's  working  point.  The  body  of  the 
magnet  is  enveloped  by  a  covering  of  leather  and  is  surrounded  by 
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a  metal  ring  by  which  it  is  suspended,  as  is  shown  in  the  cut.  Tlie 
working  pole  is  covered  b^'  a  plate  pierced  in  its  center  for  the  attach- 
ment of  the  points.  There  are  three  of  these — one  flat,  15  cm.  in 
diameter,  one  hemispherical,  and  one  conical.  The  magnet  is  bal- 
anced upon  a  rod,  on  the  end  of  which  is  placed  a  movable  counter- 
poise by  means  of  which  it  can  be  raised  or  lowered  at  will.  The  sus- 
pension apparatus  consists  of  three  arms  or  stays  which  work  in 
pivotal  bearings  which  are  screwed  to  the  wall  of  the  operating  room. 


Volkiiiaim 's  ^lagiiet. 


There  are  several  sizes  of  these  magnets,  the  weakest  of  which  is  for  a 
6  to  12  volt  cnnciil,  drawing  2^/2  amperes,  while  the  strongest  is  for 
the  110  volt  current,  drawing  16  amperes. 

Volkmann  has  modified  the  original  form  by  decreasing  the  length 
of  the  core  to  59  cm.  and  increasing  the  thickness.  The  core  is  uncov- 
ered at  one  end  (not  the  "working"  end)  for  a  distance  of  14  cm. 
The  current  is  opened  or  closed  by  a  foot  interrupter.  This  magnet 
is  undoul)tedly  a  valuable  in.strument,  althougli  little  used  in  AiinTica. 
It  is  entliusiastically  recommended  by  Beal. 

Mcllinger  has  devised  a  magnet  of  peculiar  sli.ipc,  uliiih  is  based 
upon  the  principle  of  solenoids  or  "i-ing-shaped"  magnets.  It  is 
composed  of  an  oval  formed  by  a  great  numl)er  of  turns  of  wire  1  mm. 
in  diameter,  wliich  is  surrounded  by  a  broad  ring  of  soft  iron.     At 
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Mellinger  's  Inner-pole  Magnet,  Showing  Method  of  Use. 
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the  lower  part  of  the  ring  is  a  plate  of  ebonite  upon  which  the  hand  of 
the  operator  rests.  The  whole  is  mounted  upon  a  heavy  stand,  which 
insures  steadiness.  In  magnets  of  this  character  the  attractive  force 
is  concentrated  in  the  line  of  the  axis  of  the  "ring."  It  follows,  then, 
that  when  the  patient's  head  is  placed  in  the  ring  we  have  a  force 
of  great  attraction  at  the  situation  of  the  injured  eye,  which  is  placed 
in  the  center  of  the  ring.  The  operator  steadies  his  hand  on  the  plate 
of  ebonite  and  uses  a  magnetized  stylet  to  withdraw  the  foreign  body. 
The  ebonite  plate  is  necessary  so  that  the  foreign  body  will  be  drawn 
toward  the  stylet,  and  the  stylet  will  not  be  drawn  into  the  center  of 
the  ring,  towards  the  eye.  Should  the  stylet  prove  insufficient,  the 
ebonite  plate  is  removed  and  a  pole  of  iron  in  the  form  of  a  curved 
cone  or  horn  is  fixed  to  the  situation  of  the  plate,  pointing  directly  at 
the  injured  eye.  In  this  way  a  greater  attractive  force  is  secured. 
This  latter  pole  is  used  only  to  detach  the  foreign  body  from  a  firm 
lodgment  in  the  posterior  part  of  the  glolie.  When  the  foreign 
body  presents  back  of  the  iris,  the  cone-shaped  pole  is  removed  and 
the  operation  is  finished  witli  the  stylet,  which  permits  of  more"  ac- 
curate control. 

Numerous  other  magnets  have  been  devised,  mainly  on  the  Ilirsch- 
berg  and  Haab  plans  of  action,  but  the  examples  given  are  the  more 
important,  and  it  is  unnecessary  to  reduplicate. 

Cmnparisun  of  the  strength  of  large  and  small  magiuts.  On  ac- 
count of  the  claims  of  superior  excellence  which  have  almost  univer- 
sally been  made  by  the  designers  of  magnets,  some  definite  data  of 
comparison  in  strength  were  early  found  desirable.  Tiirk  has  gone 
over  the  question  very  carefully  and  has  made  exhaustive  tests,  in 
contrasting  the  Hirschberg  and  Ilaab  magnets.  He  found  in  general 
that  for  splinters  from  1  to  250  nig.  in  weight,  when  tlie  splinter  is 
in  direct  contact  ''the  power  of  the  IIirschl)erg  magnet  is  l)ut  little 
less  than  that  of  the  Ilaal)."  At  2  mm.  distance  from  the  splinter, 
liowcver,  the  llaab  magnet  is  from  7  to  21  times  as  attractive  for 
splinters  weighing  1  to  250  mg.  as  the  Ilirscli])ei-g,  and  the  more  the 
distance  is  increased  the  more  favorable  arc  the  readings  for  the 
Ilaab.  "Beyond  1  cm.,"  says  Tiirk,  "comparison  is  ditYicult,  since 
the  power  of  the  Hirschberg  magnet  is  so  slight,  but  even  at  2.5  cm. 
— approximately  the  sagittal  diameter  of  tlie  ey( — the  Ilaab  magnet 
attracts  a  splinter  weighing  1  mg.  with  ])?  mg.  added  weight." 

Barkan  gives  a  series  of  tests  which  he  pei'formed  with  Hirsch- 
berg's  old  magnet,  his  later  and  larger  size,  and  Ilaab 's.  He  placed 
two  pai'ticles  of  steel  on   a  sheet  of  siiioolh   papei'  and   measni'cd   the 
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distance  at    wliicli  they  wore  attracted  to  the  magnet's  point.     His 
results  were  as  follows : 

a.  Ilirschberg's  old  magnet  with  chromic  acid  bottle  element,  the 
tip  used  being  the  iinest  of  the  set  and  al)Oiit  the  same  as  tip  No.  8, 
attracts  particle  weighing  .000775  g.  at  %  cm.,  particle  .0167  g.  at 
%  cm. 

b.  Hirschberg's  new  large  magnet,  with  Edison  current  and  rheo- 
stat, attracts: 

Particle  .000775  g.     Particle  .0167  g. 
With  tip   1    (largest)      at  4  cm.  at  4.5   cm. 

With   tip   2  at  3.015   cm.  at  4.0   cm. 

With    tip    9   (smallest)   at  2.25      cm.  at    2.5  cm. 

c.  Haab's  magnet  attracts  particle  .000775  g.  at  13  cm.;  particle 
.0167  g.  at  16  cm. 

Sweet  tested  the  power  of  his  magnet  as  compared  with  the  Hirsch- 
berg  and  Haab  magnets,  and  found  that  the  Haab  magnet  was  super- 
ior over  all  sizes  of  splinters  situated  10  mm.,  or  farther,  from  the 
magnet.  When  the  splinter  is  5  mm.  distant,  the  drawing  power  of 
the  Haab  still  remains  greater,  but  the  difference  in  power  is  not 
marked.  At  2  mm.  distance  the  advantage  was  with  the  Sweet  mag- 
net, as  is  shown  by  the  following  figures : 

Weight  of  splinter.     (Grams). 
.001       .005       .010         .020         .050 


Hirschberg 076       .275       .773       1.080       2.450 

Haab    064     3.800     5.700     11.000     25.000 

Sweet    1.400     4.700     7.750     16.070     41.000 

Sweet's  method  of  measurement  was  to  place  the  magnet  with  its 
long  axis  vertical,  the  splinter  of  steel  being  held  in  recesses  in  a  soft 
piece  of  wood,  each  recess  being  at  a  measured  distance  from  the 
magnet  tip.  The  holder  containing  the  splinter  was  suspended  from 
one  arm  of  a  delicate  nonmagnetic  balance,  the  other  arm  carrying 
the  weights.  After  the  current  was  turned  into  the  magnet,  the 
weights  were  added  until  sufficient  force  had  been  added  to  overcome 
the  magnet's  attraction  for  the  splinter  at  each  given  distance. 

The  Meyrowitz  Bulletin  (New  York),  gives  the  following  com- 
parative tests:  "To  obtain  an  exact  relative  comparison,  we  have 
used  in  this  test  the  same  method  which  was  employed  by  the  designer 
(Haab)  in  testing  the  original  magnet,  that  is,  we  have  attached  to  a 
piece  of  iron  of  one  gram  weight,  a  thin  cord,  and  to  the  other  end 
of  this  cord  a  receptacle  in  which  weights  are  placed  until  the  draw- 
ing capacity  is  exhausted.     At  the  same  time,  we  have  interposed 
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between  the  gram  weight  and  the  point  of  the  magnet  three  pieces  of 
wood,  of  3,  10,  and  15  nun.,  respectively,  and  on  turning  on  the  110 
volt  current  the  results  were  as  follows: 
Haab— 

Wood     5  mm.  metal  1  g.  supports  337  g. 

Wood  10  mm.  metal  1  g.  supports  173  g. 


Johnson- 


Wood  15  mm.  metal  1  g.  supports  105  g. 

Wood     5  mm.  metal  1  g.  supports  48.5  g. 
Wood  10  mm.  metal  1  g.  supports  20.5  g. 


Wood  15  mm.  metal  1  g.  supports     9.5  g. 
Hirschberg  (with  three-cell  storage  battery)  — 

Wood     5  mm.  metal  1  g.  supports  10.5  g. 

Wood  10  mm.  metal  1  g.  supports     2.5  g. 

Wood  15  mm.  metal  1  g.  no  magnetic  result. 
Lancaster,  of  Boston,  at  the  1914  meeting  of  the  American  Medical 
Association,  described  an  instrument  for  testing  the  strength  of  eye 
magnets.  It  consists  essentially  of  a  brass  tul)e  enclosing  a  spring. 
To  one  end  of  the  spring  is  attached  a  steel  bar,  which  serves  as  the 
test  object,  while  at  the  other  end  there  is  a  pin  which  slides  along 
the  scale  as  the  spring  is  stretched,  thus  indicating  the  amount  of 
the  force  used. 

Taking  all  these  results,  together  with  the  results  of  clinical  ex- 
perience, there  seems  to  be  no  doubt  of  the  great  superiority  of  the 
Haab,  or  other  large  magnet,  in  attracting  small  foreign  bodies  at  a 
distance  of  5  mm.  or  more  from  the  tip.  Where  the  tip  can  be  brought 
witliin  5  mm.  of  the  foreign  body,  it  is  only  necessary  to  use  a  large 
magnet  if  the  particle  is  very  small — 1  mg.  or  less.  For  larger  par- 
ticles, or  for  any  particle  within  5  mm.,  the  advantages  of  the  hand 
magnets — Sweet's  or  Hirschberg 's — are  very  great,  in  that  they  are 
much  more  easy  to  handle  than  the  so-called  "giant"  ones. 

Foreign  Jjody  injuries.  Before  taking  up  the  question  of  the  mag- 
net operation,  it  is  necessary  to  speak  briefly  of  some  of  the  general 
characteristics  of  penetrating  wounds  of  the  eyeball  with  retention  of 
a  foreign  body.  They  occur  almost  exclusively  in  workmen  who, 
from  tile  nature  of  their  calling,  are  exposed  to  this  kind  of  injury. 
In  handling  some  tool  which  is  of  tempered  steel,  and  therefore  brittle, 
a  small  particle  is  broken  off  and,  flying  with  great  force,  penetrates 
the  tunics  of  the  eye.  This  occurs  most  frequently  in  those  who  are 
using  hainmer  and  chisel  to  cut  cold  iiict;il.  niid  is  naturally  most  fre- 
quently caused  by  iron  or  steel  or  some  magnetizal)]e  metal — for- 
tunately for   the   patient.     It    does,   however,  occur    from   other  sub- 
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stances — copper,  g:lass,  shot,  etc. — which,  while  they  are  important 
and  have  special  bearings,  are  natnrally  not  germane  to  the  present 
discussion. 

Copper  is  said  by  Leber  to  be  very  irritating  to  the  tissues  of  the 
eye.  Ilaab,  on  tlie  contrary,  says:  "I  have  witnessed  several  cases  in 
which  copper  splinters  conld  be  left  in  with  comparatively  little 
harm  to  the  eye;  the  removal  would  have,  at  any  rate,  damaged  the 
eye  more  than  their  ])eing  allowed  to  remain." 

Alloys.  At  times  one  meets  with  certain  alloys  which  decrease 
the  magnetic  power  of  steel  to  a  certain  degree.  Sweet  has  inves- 
tigated this  question  and  finds  that  the  principal  ones  are  chromium, 
tungsten,  nickel,  and  manganese.  Manganese  steel  is  considerably 
less  magnetizablQ  than  the  other  forms — in  fact,  manganese  in  any 
considerable  amount  deprives  steel  of  its  magnetic  properties  "almost 
completely"  (Sweet)  the  particles  hardly  more  than  adhere  to  the 
tip  of  the  strongest  magnet.  Nickel  steel  is  less  magnetic  only  vv^hen 
large  amounts  of  nickel  are  used,  while  the  others,  chromium  and 
tungsten  steel,  are  not  markedly  different  from  the  ordinary  steel. 

Size  and  shape  of  foreign  bodies.  The  size  of  the  particles  varies 
greatly,  but  it  is  not  unusual  to  find  them  weighing  as  little  as  5  to  10 
mg.  Particles  of  less  than  2  mg.  are  rare,  although  Sweet  has  reported 
a  case  in  which  the  particle  measured  1^/4  by  i/4  mm.  (weight  not  given, 
but  probably  below  2  mg.),  and  Callan  (discussion)  said  that  the 
smallest  he  had  ever  seen  weighed  but  1/400  gr.  (.000166  g.).  Five 
particles  selected  at  random,  from  the  collection  of  the  Manhattan 
Eye,  Ear  and  Throat  Hospital,  measured  as  follows : 

1/2x11/4  mm 0.00417  g. 

1  x2      mm 0.00833  g. 

2  x2      mm 0.03333  g. 

2     x3      mm 0.01666  g. 

2     xl2    mm 0.07915  g. 

and  this  represents  about  the  average,  as  seen  by  the  writer.  Foreign 
bodies  of  50  mg.,  or  over,  are  to  be  classed  as  "large"  and  the  con- 
tusion effects  are  likely  to  be  severe. 

The  shape  has  an  important  bearing  on  both  the  effect  and  the  size 
of  the  wound  of  entrance.  Frequently  the  chip  is  a  tiny  sector  of  a 
sphere ;  at  other  times  it  is  irregular ;  while  it  not  infrequently  happens 
that  it  is  split  off  in  the  shape  of  a  long  splinter,  as  in  the  one  above 
measuring  2x12  mm.  These  long  splinters  usually  fly  "end  on,"  like 
an  arrow,  perhaps  on  account  of  air  resistance,  and  enter  the  eye  by 
a  small  puncture  which  is  absolutely  misleading  unless  one  has  a 
radiograph  as  a  guide.    It  has  not  infreciuently  happened,  before  the 
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X-ray  diagnosis  was  available,  in  using  a  "'giant"  magnet  for  diag- 
nostic purposes,  that  the  surgeon  was  surprised  to  find  such  a  shaped 
splinter,  with  severe  reaction  to  the  magnet,  where  only  a  small  wound 
of  entrance  could  be  found. 

Situation.  The  firm  outer  coats  of  the  eyeball — cornea  and  sclera 
— ofi^er  the  most  resistance  to  tlie  entrance  of  a  flying  particle,  and 
when  once  these  have  been  penetrated,  the  lens  alone  offers  an}-  con- 
siderable obstruction.  It  follows,  then,  that  by  far  the  greater  num- 
ber find  lodgment  in  the  vitreous,  passing  easily  through  the  compar- 
atively spongy  tissue  of  the  iris,  ciliary  body,  or  choroid.  In  Sweet's 
series  of  702  examinations  there  were  359  foreign  bodies.  Thirty- 
three  were  in  the  lens,  9  were  in  the  iris  or  posterior  chamber,  39  were 
in  the  orbit,  3  were  in  the  lid,  while  311  were  in  the  vitreous — more 
than  78  per  cent. 

Character  of  the  injury.  If  the  foreign  body  is  large,  and  partii-u- 
larly  if  it  approaches  the  cubical  shape,  the  wound  of  entrance,  which 
is  usually  in  the  cornea  or  limbus,  is  more  in  the  nature  of  a  tear 
than  a  cut  and  the  contusion  effects  are  apt  to  be  severe.  There  is 
usually  coiisideral)le  hemorrhage,  lacerations  of  the  uveal  coat  or  of 
the  lens,  with  perhaps  detachment  of  the  retina  and  prolapse  of  uvea 
or  vitreous,  or  both,  in  addition  to  a  serious  wound  of  entrance.  In- 
fection is  much  more  apt  to  occur  with  large  particles,  on  account  of 
the  size  and  the  greater  degree  of  coolness  of  the  body  as  it  striki^s 
the  eye,  and  the  sliock  to  the  eye  is  sucli  tbat  serious  inflammation 
usually  follows.  Obviously  these  cases  present  very  little  interest  to 
us  in  tlie  pi'esent  coiniection.  The  foreign  l)ody  is  removed  througli 
the  wound  of  entrance  by  a  small  magnel  witli  little  difficulty,  and 
the  eye  is  usually  lost. 

In  injuries  ])y  small  particles,  however,  we  have  widely  varying 
conditions  wiiicii  require  special  consideration,  and  in  which  uiucli 
depends  upon  the  technique  of  the  removal  of  the  particle.  Small 
f)arti<-les  are  apt  to  be  sterile,  or  at  least  to  have  very  limited  powers 
of  infection,  sn|)i)Ose(lly  on  account  of  the  heating  whicli  accom- 
l)anies  their  forcible  splittiiig  from  Ih.e  main  mass  of  metal.  How- 
ever this  nuiy  be,  it  is  no  uncommon  thing  to  find  the  wound  of  en- 
trance closed  a  day  after  the  injury,  and  the  eye  relatively  free  from 
inflammatory  reaction.  As  is  well  known,  the  foreign  body  may 
remain  encysted  or  surrounded  by  exudate,  or  at  least  adherent  in 
its  position  of  rest,  without  giving  any  sign  of  its  presence  for  months, 
or  even  years,  depending  somewhat  upon  its  location  and  the  char- 
acter of  the  tissue  in  which  it  lies;  and  to  this  fact  is  due  the  most 
complicated  class  of  cases,  i.  e.,  cases  in  which  the  wonnd  of  entrance 
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has  been  lu-aled  for  days,  or  oven  longer.  In  the  past,  before  the 
iiu'thods  of  localization  and  removal  were  so  well  matured,  the  ques- 
tion was  frequently  discussed  as  to  whether  it  was  not  wiser  to  allow 
a  foreign  body,  that  was  not  causing  irritation,  to  remain,  rather  than 
risk  the  dangers  of  an  operation  for  its  removal. 

A  movable  foreign  body  is  always  a  menace,  and  taking  into  con- 
sideration the  exactness  of  the  present  methods  of  localization  and 
the  imj^rovements  in  magnet  technique,  the  author  wishes  to  emphat- 
icall}'  indorse  the  remark  of  Gruening,  who  says:  "Because  of  the 
tendency  to  sink  and  come  into  contact  with  the  uvea,  early  extraction 
of  freely  movable  bodies  is  advisable." 

With  fixed  foreign  bodies,  lodged  in  some  tissue  which  does  not 
react  to  their  presence,  as  in  the  retina,  the  question  is  more  difficult. 
The  dangers  are  those  of  local  degeneration,  at  times  allowing  the 
body  to  become  detached  and  movable,  siderosis,  and  acute  attacks 
of  inflammation — even  sympathetic  inflammation  in  the  fellow  eye. 
While  exceptionally  these  ill  effects  may  not  occur,  the  exceptions 
are  few  and  far  between,  and  the  writer  is  always  inclined  to  attempt 
the  removal  where  it  seems  probable  that  the  operation  will  not  be  a 
too  formidable  one. 

The  immediate  effects  of  foreign  body  injuries,  besides  the  entrance 
wound  in  the  cornea  or  sclera,  include  wound  of  the  iris,  ciliary  body, 
or  lens,  or  perhaps  laceration  of  the  iris  with  prolapse — all  in  varying 
degrees,  the  severity  depending  on  the  amount  of  "contusion"  ele- 
ment present  in  the  injury.  Hemorrhage  is  almost  always  present 
and,  while  infection  is  no  less  fatal  than  in  injuries  with  larger  par- 
ticles it  occurs  much  less  frequently.  However,  a  certain  degree  of 
plastic  inflammation  is  the  rule  rather  than  the  exception,  and  when 
the  eye  has  escaped  the  immediate  dangers  of  a  penetrating  wound 
it  is  no  unusual  thing  to  have  a  plastic  irido-cyclitis  come  on  with 
such  severity  as  to  lead  rapidly  to  phthisis  bulbi.  If  all  this  has  been 
escaped,  certain  low  degree  degenerations  are  apt  to  follow  as  time 
goes  on — contracting  cicatrices,  degeneration  of  the  vitreous,  detach- 
ment of  the  retina,  atrophy  of  the  globe — so  that  the  final  results  are 
apt  to  bring  the  percentage  of  eyeballs  saved  down  to  a  rather  dis- 
appointingly low  figure.  Take  it  all  in  all,  an  injury  with  a  foreign 
body  in  the  vitreous  is  a  very  serious  condition;  and  but  few  cases 
preserve  any  considerable  amount  of  vision  for  long  periods  of  time. 
Besides,  the  eye  which  has  been  wounded  is  in  many  instances  a  fruit- 
ful source  of  irritation  to  its  fellow,  even  after  the  foreign  body  has 
been  removed,  during  the  subsequent  inflammation  and  degeneration. 

Diagnosis  of  the  presence  of  a  magnetic  foreign  body.    The  magnet 
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operation  requiring  detailed  description  is  in  the  case  of  retention  of 
a  small  foreign  body,  and  what  follows  is  written  on  this  basis.  Where 
a  wound  with  a  large  body  exists,  the  case  is  usually  seen  soon  after 
the  injury,  the  wound  of  entrance  is  still  open,  and  all  that  can  be 
done  is  to  extract  with  a  hand  magnet  with  as  little  violence  as  may 
be.  In  the  case  of  a  small  foreign  body,  where  the  wound  of  entrance 
is  perhaps  closed,  the  first  step  is  to  have  an  accurate  diagnosis  of 
the  presence  and  size  of  the  particle  by  means  of  the  X-ray.  Much 
stress  has  been  laid  on  the  time  consumed  by  this,  but  it  is  very  doubt- 
ful if  the  time  sufficient  for  an  X-ray  examination — an  hour  at  the 
most — adds  materially  to  the  gravity  of  the  prognosis,  and  if  we  are 
to  operate  intelligently  it  is  absolutely  essential  that  we  be  correctly 
informed  as  to  the  location,  size,  shape,  and  general  roughness  of  the 
foreign  body.  It  has  too  often  been  demonstrated  that  to  place  the 
patient  before  a  large  magnet  without  this  information  is  productive 
of  some  very  disagreeable  surprises  to  the  surgeon.  The  magnet,  on 
account  of  the  dangers  and  uncertainties  involved,  should  no  longer 
be  used  as  a  means  of  diagnosis.  If  the  foreign  body  should  happen 
to  be  larger  than  has  been  suspected,  great  damage  can  be  done  by 
the  forcible  pull  of  the  "giant"  magnet.  Having  this  information 
we  proceed  to  the 

Selection  of  the  magnet.  This  will  depend  largely  upon  the  size 
and  location  of  the  foreign  body,  although  the  route  chosen  will  of 
necessity  have  some  influence.  Very  small  particles,  especially  if  sit- 
uated far  back,  will  necessitate  the  use  of  the  Haab  or  one  of  the 
other  large  magnets,  while  the  medium  or  large  particles  should 
always  be  attacked  with  a  small  magnet  first. 

It  is  scarcely  possil)le,  as  will  be  readily  appreciated,  to  meet  all  the 
contingencies  satisfactorily  without  having  at  one's  command  at  least 
two  styles  of  magnet — a  large  one,  as  of  Haab,  and  a  small  one,  as  of 
Sweet  or  Hirschberg.  The  more  gently  the  foreign  body  can  be  de- 
tached from  the  interior  of  the  eye,  the  better,  and  it  is  even  prefer- 
able, in  the  writer's  opinion,  to  introduce  a  sterilized  tip  of  a  Hirsch- 
berg magnet  into  the  vitreous,  if  by  so  doing  we  can  extract  the  for- 
eign body,  than  to  tear  the  foreign  body  forcibly  through  the  tissues 
of  the  eye  with  the  large  magnet.  This  is  not  to  say  tluit  insertion 
of  the  tip  into  the  vitreous  is  a  proceeding  to  be  advised.  On  tlic  con- 
trary, it  should  be  avoided  wliciicvcr  possible  (which  is  ahnost  always), 
although  it  must  bo  said  Ili;it  in  \\\o  days  when  tlie  TTirsclilxM-g  msig- 
net  liad  to  Ix-  used  to  r\|»]()iv  tlic  interior  of  the  eye,  tlii'  t  r;inni:i1  ism 
was  undoubtedly  much  gin-ater  llian  at  prcscnl  when  oui'  mclliods 
of  localization  arc  exact. 
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If,  then,  Avo  find  that  the  foreign  body  is  small,  and  especially  if  it 
lies  far  back  in  the  interior  of  the  globe,  the  large  magnet  should  be 
selected.  Haab's  magnet,  as  l)efore  stated,  is  designed  so  that  it 
stands  upright  on  a  framework  of  wood,  and  allows  of  a  tilting  up 
and  down  of  the  magnet,  so  as  to  alter  its  position  readily.  The 
patient  then  must  be  approached  to  the  magnet  and  the  operation, 
up  to  the  time  that  the  foreign  body  enters  the  anterior  chamber,  must 
be  done  with  the  patient  sitting  up.  To  meet  this  disadvantage,  some 
surgeons  use  the  magnet  supported  by  a  steel  cable  from  a  crane,  with 
balancing  counterpoise  weights,  so  that  it  is  carried  over  the  operat- 
ing table  and  the  operation  is  done  while  the  patient  is  in  the  recum- 
bent position.  To  many  surgeons,  however,  the  writer  among  the 
number,  the  risk  of  handling  an  enormously  heavy  piece  of  appa- 
ratus over  the  patient's  head  and  approaching  it  gradually  to  the  eye 
seems  hardly  commensurate  with  the  advantages  gained.  Moreover, 
the  great  disadvantage  in  connection  with  the  use  of  the  Haab  mag- 
net is  the  fact  that  as  the  foreign  body  approaches  the  tip  the  force 
increases  enormously,  just  at  a  time  when  it  should  decrease.  With 
the  greatest  possible  care,  the  foreign  body  will  present  back  of  the 
iris  with  considerable  force,  and  it  is  essential  to  be  able  at  once  to 
stop  the  dragging.  Now,  it  is  manifest  that  the  patient,  in  drawing 
back  his  head  as  he  feels  the  pain,  will  do  this  much  more  quickly  than 
can  possibly  be  done  by  an  assistant  at  the  word  of  command,  or  even 
by  the  surgeon  with  a  foot  "cut-off."  If  the  patient  is  recumbent,  he 
cannot  withdraw  his  head  at  all.  Again,  if  the  patient  is  recumbent, 
when  the  current  is  cut  off  the  foreign  body  is  apt  to  slowly  sink  back 
into  the  vitreous,  which  does  not  happen  if  the  patient  is  upright. 
For  these  reasons,  it  is  best  to  follow  Haab 's  method  and  operate  with 
the  patient  sitting  up.  This  is  the  more  easily  practised  in  that  almost 
all  these  patients  are  workmen  and  bear  the  manipulations  well.  The 
Haab  magnet  is  used  until  the  foreign  bod}^  has  entered  the  anterior 
chamber,  when,-  if  an  opening  exists,  the  extraction  may  be  completed. 
As  a  rule,  however,  it  is  better  to  place  the  patient  in  the  recumbent 
position  when  the  operation  lias  reached  this  stage,  and  finish  with 
the  hand  magnet  of  Hirschberg.  If  the  wound  of  entrance  is  in  the 
sclera  and  is  still  open,  or  if  for  any  reason  the  scleral  route  should  be 
chosen,  the  Hirschberg  magnet  is  the  better  one  to  use,  as  the  particle 
may  be  drawn  out  much  more  gently  with  the  patient  in  the  recum- 
bent position. 

The  mxignet  operation.  The  eye,  of  course,  is  to  be  thoroughly 
cleansed  and  cocainized,  the  patient's  head  covered  by  a  towel  and 
steadied  by  an  assistant,  leaving  the  operator's  hands  free  to  manip- 
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ulate  the  lids  and  approach  the  patient's  head  to  the  tip,  which  is, 
of  course,  sterilized.  In  using  the  Haab  magnet,  several  points  are 
to  be  borne  in  mind:  (1)  That  the  attraction  is  directly  propor- 
tional to  the  mass;  (2)  that  the  attraction  is  inversely  proportional  to 
the  square  of  the  distance;  (3)  that  magnetization  and  polarization  of 
the  foreign  bodj^  takes  place  almost  immediately,  or  within  a  very  short 
space  of  time. 

In  Haab's  earlier  writings  he  insisted  upon  the  importance  of  plac- 
ing the  point  of  the  magnet  first  over  the  center  of  the  cornea,  so  that 
the  foreign  body  would  be  drawn  away  from  the  ciliary  body.  With 
the  knowledge  that  comes  from  the  size  and  location  of  the  foreign 
particle,  our  views  upon  this  point  must  undergo  a  certain  modifica- 
tion, and  it  is  undoubtedly  better  policy  to  lead  the  particle  directly 
in  the  line  in  which  we  wish  it  to  go. 

It  is  well,  at  the  beginning,  to  say  that  every  foreign  body  case  must 
be  a  law  unto  itself,  as  each  presents  individual  complications  and  con- 
ditions ;  and  it  may  be  said  in  general  that  the  method  of  removal  which 
is  accompanied  l\y  the  least  traumatism  is  the  best.  If  the  case  is  seen 
within  the  first  twelve  hours,  before  the  closure  of  the  wound,  and  the 
foreign  body  lies  near  the  wound,  it  is,  of  course,  the  best  policy  to 
extract  it  througli  the  wound  of  entrance,  even  if  it  be  in  the  sclera 
leading  directl}'  to  the  vitreous.  Frequently  the  foreign  body,  if  in 
the  shape  of  a  spicule,  will  engage  in  the  margin  of  the  wound,  and  if 
the  force  of  the  magnet  is  kept  up  will  only  be  extracted  with  a  good 
deal  of  tearing  and  damage.  This  point  sliould  be  carefully  watched 
for,  and  if  the  foreign  body  engages  the  current  should  at  once  be 
cut  off  or  the  patient's  liead  moved  slightly  back,  and  then  another 
attempt  made  at  a  slightly  different  angle.  Kipp  has  suggested  that 
under  these  circumstances  the  magnet  may  be  reversed  and  the  other 
tip  used,  under  which  circumstances  the  foreign  body,  being  polarized, 
will  reverse  itself  and  approach  the  magnet  with  its  other  end.  He 
lias  himself  practised  this  manoeuvre  with  success.  It  must  be  remem- 
bered, however,  that  if  the  spicule  is  a  very  long  one,  the  amount  of 
churning  up  of  the  vitreous  in  the  course  of  this  reversal  is  consider- 
able, and  it  is  pi'obably  best  undci-  these  circumstances  not  to  attempt 
the  manceuvrc. 

Th(  (Diftrior  chdinlxr  roiifr.  If  the  wound  passes  through  Ihc  cor- 
nea and  ii'is,  oi-  it"  the  pi'iniary  wound  is  healed,  wherever  it  nuiy  be, 
there  seems  no  longer  any  (juestion  but  that  the  remov;d  of  the  Foreign 
body  Ihrough  the  anterior  ehaiiibei'  is  the  most  desifjible  nielhod  to 
use,  if  possible.  .M;iiiy  ;i ppJirenllx'  biilliiiiit  cesults  of  ccMioval  hy  in- 
cision thi'ough  the  selern  into  llie  vitreous  have  been  ohsei'ved,  only  to 
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tind  that  a  gradual  detaclnnent  of  the  retina  and  total  destruction  of 
the  eye  supervened.  The  introduction  of  even  a  sterile  foreign  body 
into  the  vitreous  is  a  serious  blow  to  the  nutrition  of  the  eye,  and  if 
we  add  to  it  a  retinal  cicatrix,  which  will  almost  invariably  undergo 
connective  tissue  proliferation  and  shrink,  the  results  cannot  be  other 
than  fatal  to  tlic  integrity  of  the  eye.    If,  then,  the  wound  of  entrance 


Method  of  Using  the  Haab  Magnet. 


is  closed,  our  l)est  procedure  is  through  a  linihus  section  with  a  kera- 
torae  at  a  point  opposite  to  the  location  of  the  foreign  body,  and  as 
near  as  possible  to  any  iris  lacerations  which  may  be  present,  so  that 
an  iridectomy,  if  necessary,  may  include  these  lacerations.  As  a  rule, 
the  incision  will  be  downward.  The  patient  is  then  approached  to  the 
end  of  the  magnet,  the  operator  separating  the  lids  and  instructing 
him  to  look  in  such  a  direction  that  the  direct  route  from  the  foreign 
body  to  the  magnet  will  pass  through  the  zonule,  and  either  through 
the  iris  laceration — if  that  be  large  enough — or  as  near  as  possible  to 
the  pupillary  margin,  if  the  iris  is  comparatively  undamaged.     If  the 
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lens  be  not  wounded,  it  is  important  to  place  the  line  of  traction  so 
that  the  lens  will  escape  laceration.  Frequently  several  attempts  will 
have  to  be  made  before  the  foreign  liody  leaves  its  lodgment,  especially 
if  it  is  far  back  in  the  eye ;  and  if  the  iris  is  comparatively  undamaged 
(in  which  case  the  path  of  the  exit  cannot  be  made  in  a  single,  un- 
broken straight  line)  the  operator  should  carefully  watch  for  evidence 
of  the  fact  that  the  foreign  body  has  reached  the  region  of  tire  root  of 
the  iris,  this  evidence  being  either  the  sensation  of  pain  l)y  the  patient 
or  a  slight  bulging  forward  of  the  tissues.  Severe  pain  should  at  once 
be    an   indication    for    cutting   off   the    current   or   withdrawing    the 


Method  of  Election  in  Kenio\  ing  Foreign  Bodies  from  the  Vitreous  with  the 
Magnet,  (a,  Primary  position  of  the  i)artiele;  b,  Position  behind  the  iris  after 
the  first  application  of  the  magnet;  c,  Position  after  the  second  application; 
d,  Exit  after  the  third  application;  1,  2,  and  3,  first,  second,  and  third,  jiositions 
of  the  tip.) 

patient's  eye  from  the  magnet,  on  account  ol'  possil)h'  damage  to  tlu- 
ciliary  body  and  iris — the  patient  being  upright,  he  will  draw  back 
quickly.  When  the  foreign  body  has  passed  the  circumlental  space — 
of  course  having  perforated  the  zonule,  which  matters  little — and  en- 
gages the  iris,  it  should  then  be  coaxed  upward  through  tlic  i)upil  by 
altering  the  direction  of  the  patient's  gaze,  when  it  may  easily  be 
extracted  from  the  anterior  chamber — either  by  a  new  application  of 
the  giant  magnet  or,  what  is  undoubtedly  to  be  preferred  in  some 
instances,  hy  gently  coaxing  it  out  with  the  TTirschberg  magnet.  If 
an  iridectomy  ])e  considered  advisable,  this  can  be  done  either  at  the 
time  of  the  section  or  after  the  loi-eigii  body  i-eadies  the  posterior  piii'l 
of  the  iris.      In  tlic  I'oriiin'  cnsc,  the  pi-oeediire  is  much  simpler. 

77/r  opt  fdlioH  of  (hclidii.  Illcti,  l-esolves  itself  into  three  ;i|»pliea- 
lions  of  llir  iiiiignet,  as  shown  in  the  litiure.  In  tin'  lirsl,  the  uniirnet 
is  placed    below   the   eoi-neal    <'entei',   oi)i)Osite   to   the    foi'eign    body,   so 
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as  to  draw  the  foreign  body  into  the  eireundental  space  and  between 
the  lens  and  the  ciliary  body,  so  that  neither  is  damaged.  Its  pres- 
ence will  be  recognized  by  pain  or  dragging  forward  of  the  iris.  The 
amount  of  dragging  is  a  good  indication  of  how  to  proceed.  If  the 
dragging  is  violent  it  is  better  to  try  a  smaller  magnet  for  the  re- 
mainder of  tlu'  oi)eration.  The  second  application  of  the  magnet  is 
then  made  over  tlie  npi)er  i)art  of  the  cornea  in  an  oblique  line,  so  as 
to  conduct  the  foreign  body  into  the  anterior  chamber  through  the 
pupil.  (If  the  Haab  magnet  is  used,  the  patient  must  look  down). 
The  third  application  then  suffices  to  extract  the  foreign  body  from 
the  anterior  chamber. 

The  fact  must  be  emphasized  that  although  the  above  method  is  the 
most  desirable  one,  and  to  be  used  whenever  possible,  it  will  be  mod- 
ified by  the  following  considerations: 

1.  The  wound  of  entrance  is  in  the  sclera  and  still  open.  In  this 
case  it  is  better  to  extract  directly  through  the  wound  of  entrance, 
which  is  afterwards  closed  by  a  conjunctival  flap. 

2.  The  iris  is  badly  lacerated.  An  iridectomy  is  best  done  before 
the  application  of  the  magnet,  which  is  thereby  rendered  much  simpler. 

3.  The  foreign  body  passes  through  the  lens,  leaving  large  masses 
in  the  anterior  chamber.  This  is  another  indication  of  more  or  less 
weight,  depending  on  the  amount  of  damage  done  to  the  lens,  for 
the  iridectomy.  Lens  masses  should  only  be  extracted  when  com- 
pletely isolated,  and  the  main  body  of  the  lens  should  be  disturbed 
as  little  as  possible.  It  is  extremely  unwise  to  run  the  risk  of  in- 
creasing the  lens  swelling,  and  it  is  a  good  maxim  in  magnet  opera- 
tions to  disturb  the  lens  as  little  as  possible.  The  reaction  will  prob- 
ably be  severe  enough  without  any  additional  lens  swelling.  Very 
exceptionally  the  lens  may  be  so  badly  broken  up  that  the  magnet 
may  be  applied  directly  to  the  corneal  center  and  the  foreign  body 
drawn  forward  without  reference  to  the  lens  fragments. 

4.  The  foreign  body  is  very  large  or  very  rough  and  jagged.  This 
constitutes  an  absolute  contraindication  to  the  anterior  chamber  route, 
as  the  lens,  if  clear,  may  be  injured,  or  the  particle  may  become  en- 
tangled in  the  ciliary  body  and  cause  serious  injury  before  it  can  be 
withdrawn,  if,  indeed,  it  does  not  become  firmly  fixed.  It  is  better  in 
such  cases  to  choose  the  scleral  route  and  chance  the  consequences  of 
the  retinal  injury. 

Difficulties  in  the  operation.  1.  The  foreign  body  may  be  so  far 
back  and  so  small  that  only  feeble  power  can  be  exerted.  In  this  case 
it  is  better  to  persist  in  the  application  of  the  magnet  over  the  cor- 
nea until  convinced  that  it  is  useless.     This  can  be  determined  only 
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after  numerous  applications,  for  very  feeble  attraction  will  sometimes 
dislodge  the  particle  only  after  five  or  six,  or  even  more,  applications. 
It  is  also  good  practice  to  put  the  patient  in  the  correct  position  and 
then  turn  the  current  off  and  on  a  number  of  times,  so  that  the  particle 
is  acted  upon  by  a  series  of  jerks.  Fre(iuently  after  this  manoeuvre 
we  shall  be  rewarded  by  finding  that  the  foreign  body  has  reached  the 
posterior  surface  of  the  iris — as  shown  1)y  pain  or  bulging  of  the  iris — 
when  the  patient  is  allowed  to  withdraw  his  head  from  the  magnet, 
which  he  will  usually  do  at  once.  No  time  should  be  lost  in  the  suc- 
ceeding application,  so  that  the  particle  will  not  fall  ])ack,  and  herein 
lies  the  advantage  of  having  the  incision  made  before  the  magnet  is 
applied.  The  only  disadvantage  is  that  if  we  fail  to  remove  the  for- 
eign body  we  have  made  a  useless  incision,  but  in  such  eases  the  con- 
dition of  the  eye  is  so  serious  that  it  may  be  doubted  if  the  incision 
makes  it  much  worse-.  Of  course,  a  useless  incision  is  to  be  avoided, 
but  if  we  weigh  the  probabilities  carefully  we  shall  not  often  fall  into 
this  error.  If  the  corneal  application  fails  to  dislodge  the  foreign 
body  the  point  should  be  placed  in  the  lower  cul-de-sac  at  a  point  as 
near  as  possible  to  the  foreign  body,  having  the  patient  look  up,  and 
then  when  the  bulging  shows  that  the  particle  is  near  the  tip,  the 
magnet  should  be  carefully  withdrawn  and  applied  over  the  cornea 
as  before.  It  is  a  great  mistake  to  hold  the  magnet  near  and  sweep 
it  up  to  the  wound  without  withdrawing  it,  as  in  that  case  the  ciliary 
body  will  surely  be  damaged  to  a  greater  or  less  degree — to  say  noth- 
ing of  the  retina. 

2.  The  foreign  ])ody  is  in  tlie  form  of  a  long  spicule,  and  entangled 
in  the  ciliary  body  or  iris.  In  this  case  a  smaller  magnet  should  be 
used  at  different  angles,  so  as  to  dislodge  it,  and  any  increase  of 
the  pain  should  be  the  signal  for  immediate  withdrawal  of  the  mag- 
net. If  the  foreign  body  becomes  so  firmly  entangled  in  tlie  iris  that 
it  cannot  be  removed,  an  iridectomy  should  be  done.  Entanglement 
in  the  ciliary  body  usually  means  rapid  destruction  of  the  eye 
through  hemorrhage  or  inflainmation. 

3.  The  foreign  body  is  surrounded  l)y  new-formed  tissue  which 
holds  it  firmly  in  position.  In  tliis  case  we  shall  have  the  liistory  of 
the  injury  a  week  or  more  preceding,  and  though  tlu^  skiagram  shows 
the  particle,  the  application  of  the  magnet  is  not  attended  by  pain. 
It  is  well  to  remember  tliat  these  conditions  may  obtain  even  when 
the  foreign  body  lies  on  the  ciliai y  body.  Enucleation  is  almost  in- 
variably necessary — if  not  at  once,  very  sliortly — nor  is  it  wise  to  wait 
long,  on  account  of  the  danger  of  sympathetic  inflammation. 

Various  expedients  liave  been  devised  to  meet  this  (litficult y.  of  which 
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the  most  direct  is  to  cut  down  upon  the  hody  through  the  sclera  and 
place  the  pole  of  the  Haab  inaguet  as  near  as  possible  to  the  body, 
although  for  this  purpose  the  Sweet  magnet  is  probably  a  better  in- 
strument. 

Eisley  advises  tliis  metliod  in  its  entirety,  in  every  case — that  is, 
after  exact  localization  with  the  X-ray,  he  incises  the  sclera  as  near 
as  possible  to  the  location  of  the  foreign  body  and  then  inserts  the 
point  of  the  Hirschberg  magnet  between  the  lips  of  the  wound  and 
withdraws  the  foreign  body.  Leartus  Connor  reported  the  use  of  a 
strabismus  hook  for  this  emergency  which  was  connected  with  the 
end  of  a  giant  magnet  and  then  inserted  into  the  wound  so  as  to  be 
brought  into  contact  with  the  foreign  body.  The  writer  practised 
this  maud'uvre  as  early  as  1897,  and  it  is  undoubtedly  effective,  but 
is,  after  all,  only  making  the  best  of  a  very  bad  matter,  and  the  re- 
sults are  not  particularly  pleasing.  Jackson  describes  two  eases  in 
which  he  used  a  pair  of  scissors  in  the  same  way.  The  scissors  were 
introduced  into  the  woimd,  and  the  pole  of  the  magnet  was  placed 
in  contact  with  the  joint.  Four  or  five  short  snips  were  then  made 
so  as  to  free  the  foreign  body,  and  the  scissors  were  withdrawn, 
bringing  the  foreign  body  with  them.  This  was  done  in  each  case 
with  good  results.  Lang  uses  a  steel  spatula,  connected  with  the 
Haab  magnet  by  a  flexible  cable,  to  complete  the  removal  of  the  for- 
eign body  after  it  has  entered  the  anterior  chamber. 

The  great  disadvantage  with  all  these  devices  is  that  any  kind  of 
"extension  point"  removes  the  working  point  from  the  center  of  the 
magnet's  activity  and  thus  enormously  decreases  the  magnet's  power. 
These  "extension  points"  must  be  brought  into  direct  contact  with 
the  foreign  body  to  be  at  all  effective. 

The  scleral  route.  Many  ophthalmologists  believe  that  it  is  always 
simpler  and  better  to  remove  a  foreign  body,  which  lies  in  the  vit- 
reous, by  a  scleral  incision.  In  fact,  this  was  the  oldest  method,  and 
Avas  used  by  McKeown  and  also  by  Hirschberg,  although  they  intro- 
duced the  tip  of  the  magnet  into  the  vitreous  and  searched  in  various 
directions  for  the  foreign  body.  This  was  productive  of  much  dis- 
turbance in  the  nutrition  of  the  vitreous,  and  was  strongly  con- 
demned by  Haab  in  his  earlier  writings — in  fact,  the  "giant"  mag- 
nets were  all  devised  so  that  the  foreign  body  could  be  brought  into 
the  anterior  chamber,  and  the  vitreous  disturbed  as  little  as  possible. 
With  the  development  of  more  accurate  methods  of  X-ray  localization, 
however,  it  became  possible  to  incise  the  sclera  so  close  to  the  foreign 
body  that  the  tip  of  a  hand  magnet  had  only  to  be  inserted  between 
the  lips  of  the  scleral  wound  to  secure  the  particle,  and  entrance  into 
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the  vitreous  was  not  necessary.  Risley  advocated  this  procedure  in 
the  discussion  of  Haab's  paper  at  the  meeting  of  the  Ophthalmolog- 
ical  Section  of  the  American  Medical  Association  in  1902,  and  pub- 
lished the  above  mentioned  paper  in  the  September  following. 

De  Schweinitz,  three  years  later,  reported  twenty-six  cases  of  for- 
eign body  injury  and  strongly  advocated  the  method,  which  he  be- 
lieved simpler  and  safer  than  the  anterior  chamber  route. 

The  operation  is  at  present  performed  as  follows :  After  accurate 
X-ray  localization  of  the  foreign  body,  the  patient  is  placed  upon 
the  operating  table  and  the  eye  prepared  as  for  any  important  globe 
operation.  Cocaine  anesthesia  is  usually  sufficient,  though  at  times 
ether  narcosis  may  be  better.  The  conjunctiva  is  first  incised  in  the 
location  of  the  foreign  body  and  the  sclera  bared,  avoiding  as  much 
as  possible  the  recti  muscles.  Then  an  incision  over  the  foreign  body 
is  made  directly  through  the  sclera,  choroid,  and  retina,  as  cautiously 
as  possible  and  in  a  meridional  direction — that  is,  parallel  to  the  recti 
muscles,  as  suggested  by  Risley — for  the  reason  that  such  wounds 
bleed  less  than  tliose  which  cut  across  the  choroidal  vessels,  and  gape 
less,  on  account  of  the  fact  that  the  pull  of  the  recti  muscles  does 
not  open  them.  The  tip  of  a  magnet — one  of  the  small  magnets. 
Sweet's  or  Hirschberg's — is  inserted  between  the  lips  of  the  wound, 
and  usually  the  particle  can  be  withdrawn  with  ease.  Should  the 
foreign  body  fail  to  come  away,  the  magnet  must  be  inserted  with 
great  care,  so  as  to  come  as  closely  in  contact  with  the  particle  as  pos- 
sible. Afterward  the  wound  is  closed  with  a  catgut  suture,  the  con- 
junctival flap  brought  over  it  so  as  to  close  it  firmly,  and  the  oper- 
ation is  done.  J.  Herbert  Fislu-r  inserts  two  episcleral  stitches,  cuts 
between,  and  has  an  assistant  hold  tbem  during  the  operation,  after 
which  they  are  tied. 

Comparison  of  the  two  routes.  At  the  present  time,  in  the  United 
States,  a  decided  difference  of  opinion  exists  as  to  which  is  the  better 
method  to  be  chosen  in  cases  where  the  wound  of  entrance  has  be- 
come firmly  closed.  The  advantage  of  the  scleral  route  is  mainly  in 
the  ease  with  which  the  removal  of  the  particle  is  accomplished,  and 
the  consequent  lack  of  li'aunuitisin  to  the  eye.  Its  advocates  lay  gi-eat 
stress  on  the  dangers  of  entangling  the  foreign  body  in  the  ciliary 
body,  the  undesirability  of  a  second  excursion  of  th(!  particle  through 
the  vitreous,  tli(i  dangers  of  further  wounding  the  lens,  and  finally, 
the  violence  apt  to  be  done  the  eye  liy  tlu;  use  of  the  "giant"  magnet". 
Its  disadvantages  are:  the  danger  of  infection  by  exposure  of  the  vit- 
reous, the  gi-eat  probal)ility  of  a  certain  amount  of  choroidal  hem- 
orrhage, and,  finally,  the  liability  of  subsequent  retinal   detachment 
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and  degeneration  of  the  globe  through  the  interference  with  the  vit- 
reous and  the  presence  of  the  retinal  cicatrix. 

The  anterior  route  is  more  difficult,  technically,  but  is  undoubtedly 
safer  if  the  magnet  is  properly  used.  The  wound  in  the  limbus  heals 
with  less  disturbance  and  no  subsequent  dangers,  the  dangers  of  in- 
fection are  much  less,  and  danger  of  retinal  detachment  is  in  a  great 
measure  avoided.  As  to  the  wou2iding  of  the  surrounding  structures 
by  the  nuignet  operation — this  is  almost  always  the  result  of  improper 
techni(|ue.  With  a  knowledge  of  the  size  and  location  of  the  par- 
ticle, it  should  be  possible  to  bring  it  forward  with  the  Haab  magnet 
without  damage  to  the  surrounding  structures.  It  is  not  always  pos- 
sible to  avoid  an  iridectomy,  but  this  is  not  a  serious  matter.  It 
should,  of  course,  be  said  that  a  very  large  or  very  rough  foreign 
body  should  not  be  dealt  with  by  the  anterior  chamber  operation,  for 
it  is  manifestly  impossible  to  avoid  entanglements  in  this  case,  but  as 
most  foreign  bodies  are  small  and  smooth,  it  follows  that  the  anterior 
chamber  route  is  almost  always  available.  The  advocates  of  the 
scleral  route  deny  the  greater  liability  of  retinal  detachment,  but  this 
is  against  all  our  knowledge  of  the  pathology  of  retinal  wounds.  It 
must  be  remembered  that  it  is  difficult  to  follow  up  this  class  of 
patients  for  very  long  periods,  and  convincing  statistics  are  lacking 
on  both  sides.  The  writer  is  certain,  however,  that  enough  cases  have 
been  observed  by  competent  authorities  to  make  it  obvious  that  de- 
tachment occurs  more  frequently  than  is  generally  supposed,  though 
it  probably  comes  on  very  slowly  and  only  after  a  lapse  of  months,  or 
even  years  in  certain  instances.  Snell  says  that  "we  know  from  the 
interesting  investigations  of  Parsons  that  in  the  healing  of  sclerotic 
wounds  the  injurious  effects  are  observed  in  the  underlying  tissues 
for  some  distance  around.  Experience,  therefore,  has  led  me  to  be- 
lieve that  in  many  instances  the  anterior  route  should  be  selected." 

In  the  discussion  of  Haab's  paper  this  question  was  touched  upon. 
Haab  believed  in  interfering  with  the  vitreous  as  little  as  possible. 
Knapp  has  seen  a  case  in  which,  three  or  four  months  after  the  scleral 
operation,  detachment  had  occurred,  and  thought  a  scleral  incision 
should  be  avoided.  Holt  had  observed  a  series  of  cases,  but  had  not 
seen  detachment.  Hiram  Woods  had  seen  a  case  of  detachment  six 
weeks  after  a  scleral  operation.  Sweet  spoke  of  57  cases  reported  to 
the  American  Ophthalmological  Society  in  1901.  A  large  number  of 
these  had  been  watched  for  a  considerable  time  after  the  magnet 
operation.  Three  cases  of  detachment  occurred.  The  Hirschberg 
magnet  had  been  employed. 

Results  of  magnet  operations.    In  dismissing  the  subject,  it  may  be 
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as  well  to  give  some  of  the  i)rineipal  statistics  of  the  results  obtained, 
although  it  must  be  remembered  that  most  of  the  successful  results 
of  foreign  bodies  removed  from  the  vitreous  are  open  to  question 
as  to  the  length  of  time  the  eye  will  last  without  further  degeneration. 
An  injury  to  the  vitreous  by  penetration  of  a  foreign  liody  is  a  very 
serious  matter,  the  full  consequences  of  which  do  not  manifest  them- 
selves in  a  month  or  a  year  after  recovery  from  the  immediate  effects. 
Cases  leave  us  with  floating  opacities,  ciliary  or  retinal  cicatrices, 
plastic  membranes  in  the  ciliary  region,  etc.,  which  are  but  too  apt 
to  undergo  further  degeneration.  However,  the  question  is  assuming 
much  more  favorable  proportions  with  the  improvements  in  X-ray 
localization  and  magnet  technique,  which  latter  is  undou))tedly  of  the 
greatest  importance.  The  greatest  difficulty  at  present  is  our  almost 
total  lack  of  knowledge  of  therapeutic  measures  connected  with  the 
vitreous,  with  which  to  supplement  surgical  procedures.  The  failures 
in  tliis  class  of  cases  are  certainly  discouragingly  numerous  as  com- 
pared with  the  "successes." 

Haab,  in  1902,  reported  165  cases  of  foreign  l)ody  in  the  globe. 
The  entrance  was  corneal  in  183;  scleral  in  17:  the  operation  failed 
in  23;  was  successful  in  141  (86  per  cent.).  The  eye  was  removed 
because  of  purulent  iiitlaiuination  in  39  cases;  because  of  lingering 
cyclitis  in  9.  Nineteen  sightless  eyes  were  preserved.  In  71,  the  eye 
could  be  used  or  could  ])e  made  use  of,  through  a  cataract  operation ; 
and  51  of  these  71  healed  with  "good  sight." 

Beal.  in  190S,  gives  the  following  series  of  "vitreous  cases:" 

Results  unknown   2 

Atrophy  of  globe 3  17.64  per  cent. 

Enucleations    6  35.28  per  cent. 

Quantitative  perception 3  17.64  per  cent. 

Good  vision    2  11.76  per  cent. 

Feeble  vision    2  11.76  per  cent. 

18 
Tliir/.eler,  in  1894,  313  cases: 

K.xtractioii  successful    64.85  per  cent. 

Sonic   vision    saved 22.04  per  cent. 

Enucleation  or  phthisis 50.00  per  cent. 

Globe  preserved 17.24  per  cent. 

Hildebrand,  322  cases;  80  in  anterior  segment: 

Suppuration  in    16.25  per  cent. 

Good  results 83.75  per  cent. 

248  in  posterior  segment : 
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Of  these,  extraction  was  possible  in  174.  70.16  per  cent. 
Of  these  174: 

Phthisis   13.00  per  cent. 

EniK^eation    15.00  per  cent. 

Some   vision  in 36.00  per  cent. 

Globe  preserved  in 16.00  per  cent. 

Hildebrand,  in  1891,  second  series.  Sixty-six  cases,  51  in  the  vit- 
reous.    Extraction  was  possible  in  38 : 

Enucleation    2     5.26  per  cent. 

Phthisis  7  18.42  per  cent. 

Globe  saved   7  18.42  per  cent. 

Good  vision    16  42.10  per  cent. 

Light  perception  6  15.78  per  cent. 

38 
Coppez,  in  1890.    Thirty-three  bodies  in  the  vitreous.    Twenty-eight 
extracted : 

Vision,  two-thirds  1     3.57  per  cent. 

Light  perception   2     7.14  per  cent. 

Globe  saved    5  17.85  per  cent. 

Enucleation    20  71.42  per  cent. 

28 
Mayweg,  in  1902.     Seventy-two  foreign  Iwdies  in  the  posterior  seg- 
ment : 

Enucleation    12.40  per  cent. 

Globe  preserved 36.03  per  cent. 

Counting  fingers   15.17  per  cent. 

Good  vision    36.40  per  cent. 

Sweet,  in  1909 :  157  cases  of  foreign  body  in  eyeball  or  orbit  oper- 
ated on  by  various  surgeons  of  the  Will's  Hospital.  Of  these,  25  were 
in  the  orbit  and  20  were  in  the  lens,  iris,  and  anterior  chamber,  leav- 
ing 112  in  the  posterior  segment.  Eighty-six  of  these  results  of  steel 
in  vitreous  are  given,  having  been  observed  for  more  than  six  months 
in  every  ease : 

Vision=6/12  or  better 24 

Vision=less  than  6/12 62 

86 
Sweet  has  recently,  1913,  reported  his  fourth  series  of  280  instances 
of  ocular  injury — in  185  of  which  the  foreign  substance  was  found  to 
be  lodged  in  the  eyeball  or  orbit.    The  body  was  situated  in  the 
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Lens    7  times 

Iris    2  times 

Ciliary  region    19  times 

Equator    51  times 

Posterior  pole 73  times 

Orbit    S3  times 

No  foreign  body  shown  by  X-ray 95  times 

Visual  results: 

1/2  or  better 20 

1/2  to  1/10 16 

Fingers    5 

Light  perception  32 

Complete  blindness,  with  retention  of  the  eye- 
ball         5 

Phthisis  bulbi 7 

Enucleation    65 

Snell,  in  1905,  gives  his  statistics  from  1896  to  1903 : 

Foreign  body  in  vitreous  or  retina,  64  cases  (out  of  3;018  patients), 
"Good  and  permanent  vision,"  36  (56  per  cent). 

Visions  1/2  to  1  (out  of  the  36) 23 

One-third  were  operated  on  with  a  small  magnet;  two-thirds  with 
hand  and  giant  magnet  together. 

Bull,  1910,  reports  the  post-operative  history  of  18  vitreous  eases: 

Removal  successful   17 

Phthisis  bulbi   6 

Sympathetic  ophthalmia 8 

Enucleation    10 

"Permanent  useful  vision  was  not  gained  in  a  single  case." 

Callan,  1910,  reports  22  vitreous  cases: 

Total  loss 6 

20/20    1 

20/30    2 

20/50    1 

20/70    1 

20/100    1 

"Good  vision"   1 

Occluded  pupil   2 

Thickened  capsule   1 

No  report 6 

22 

— (E.  S.  T.) 
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j\lax  Dalmer  {Zcitschr.  f.  AugoihcUk.,  p.  552,  Vol.  29,  June,  1913) 
calls  attention  to  the  occasional  failure  of  the  electro-magnet  in  extract- 
ing pieces  of  steel  whose  presence  in  the  ocular  structures  has  been 
demonstrated  by  the  sideroscope  or  X-ray  apparatus.  He  says  that 
this  may  be  due  to  the  fact  either  that  the  piece  of  iron  lies  outside 
of  the  eyeball  in  the  orbit  or  skin  of  the  forehead  or  cheek;  that  the 
foreign  body  is  fixed  tight  in  the  globe,  in  its  walls,  ciliary  body,  or  in 
exudates,  or  that  the  magnetic  properties  of  the  foreign  body  are  in 
disproportion  to  its  size. 

Dalmer  also  reports  three  cases  of  perforating  injuries  with  the  site 
of  the  foreign  body  (iron  ore),  in  the  anterior  chamber,  lens  and  vit- 
reous. In  all  of  these  the  sideroscope  registered  positively,  whereas 
attempts  at  extraction  with  both  the  giant  and  hand  magnets  were 
futile.  The  weights  of  the  metallic  bodies  were  10,  6  and  120  mgr., 
respectively.  In  two  cases  the  fragments  were  removed  with  forceps 
and  spoon,  in  the  third  instance  enucleation  was  performed.  Later, 
the  bodies  removed  were  tested  with  the  sideroscope  and  the  magnet. 
The  sideroscope  showed  in  each  instance  marked  deviation;  but  the 
large  magnet  attracted  them  for  a  distance  of  less  than  1  cm.  only, 
and  it  required  force  to  detach  them  from  it.  Since  Dalmer  found 
no  statements  in  ophthalmological  literature  as  to  the  behavior  of  iron 
ore  to  the  sideroscope  and  large  magnet,  he  examined  the  more  impor- 
tant iron  ores  with  regard  to  this  question.  He  then  made  experiments 
with  pigs  and  living  rabbits,  into  whose  eyes  several  kinds  of  iron  ore 
were  introduced  and  the  reaction  to  the  sideroscope  and  the  large  mag- 
net tested.  The  strongest  reaction  was  given  by  magnetic  iron  ore ; 
iron  pyrites  being  attracted  at  from  Yo  to  1  cm.  Iron  silicate  was  not 
attracted  at  all. 

Electrooptics.  That  department  of  physics  which  deals  with  the  optic 
phenomena  of  electric  light. 

Electrophthalmcyclope.  An  instrument  invented  by  Noischewski  for 
enabling  the  blind  to  perceive  light  by  the  senses  of  temperature  and 
position.  It  consists  of  a  small  camera  obscura  with  its  posterior  wall 
composed  of  three  layers — one  of  tine  metallic  gauze,  then  a  plate  of 
selenium,  and  finally  a  brush-like  arrangement  of  gold  wires  in  im- 
mediate contact  with  the  skin  when  the  instrument  is  fixed  to  the  mid- 
dle of  the  forehead.  Rays  of  light  falling  into  it  excite  a  thermo-electric 
current,  which  is  at  once  perceived  throvigh  the  glabellar  nerve-fila- 
ments as  an  impression  of  heat.  The  degree  of  heat  is  increased  by 
the  approach  and  diminished  by  the  recession  of  a  luminous  object, 
and  the  sensation  moves  on  the  forehead  according  to  the  motion  of 
the  object  from  right  to  left,  etc. —  (Foster.) 
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Electropuncturation.  Electro-puncture.  Electrolysis  of  any  portion 
of  tlie  body  by  means  of  a  needle-electrode  passed  into  the  tissues. 

ElectrothermogTaph.  An  instrument  invented  by  Dujardin  to  indicate 
the  thermal  variations  in  different  organs  of  the  body.  It  consists  of  a 
couple  composed  of  iron  and  an  amalgam  of  copper,  zinc  and  nickel, 
one  end  of  which  is  placed  on  the  organ,  and  the  other  connected  with 
an  apparatus  for  keeping  it  at  a  constant  temperature.  The  devia- 
tions of  the  needle  of  a  galvanometer  placed  in  the  circuit  are  reg- 
istered by  means  of  photography, 

Elefantiasi  delle  palpebre.     (It.)     Elephantiasis  of  the  lids. 

Elektrische  Reizung  des  Auges.     (G.)    Electric  irritation  of  the  eye. 

Element.  In  optics,  one  part  of  a  symmetrical  whole ;  for  example,  a 
lens. 

Elementary  focal  plane.    See  Focal. 

Elephantiasis,  Ocular  relations  of.  There  are  several  varieties  of  this 
disease,  most  of  which  may  affect  the  lid  skin.  Among  these  so-called 
solid  edema  of  the  lids,  elephantiasis  arahum,  elephantiasis  lymphan- 
giodes,  elephantiasis  ncuromatodes,  elephantiasis  phlehectatica,  and 
even  various  benign  tumors  of  the  lids  have  been  included  under  this 
title. 

The  term  solid  edema  of  the  lids  or  symmetrical  elephantiasis  is  ap- 
plied to  a  condition  in  which  there  is  enormous  enlargement  of  the  eye- 
lids, particularly  of  the  lower  lid.  The  swelling,  which  is  often  so 
great  as  to  conceal  the  palpebral  fissure,  is  soft  and  elastic,  pits  on 
pressure,  is  of  a  dusky,  reddish-brown  color,  without  evidences  of  in- 
flammation and  without  involvement  of  other  parts  of  the  body.  In 
the  majority  of  eases  the  disease  has  followed  attacks  of  erysipelas. 
Some  of  the  cases  have  terminated  in  tuberculosis  of  the  conjunctiva. 
The  nature  of  tlie  disease  is  obscure.  It  is  supposed  to  be  a  recurrent 
lymphangitis.  Various  methods  of  treatment — nitrate  of  silver,  col- 
lodion, pressure,  fomentations,  multiple  punctures,  and  excision — have 
been  tried  without  permanent  benefit. 

W.  A.  Pusey  (Archiv.  f.  Dermat.  u.  Syph.  Bd.  CXI)  remarks  that: 
"Sir  Jonathan  Hutchinson  in  1888  described  under  the  names  ele- 
phantoid  hypertrophy  or  solid  edema  of  the  face  a  symmetrical  enlarge- 
ment of  the  soft  tissues  of  the  face  following  repeated  attacks  of  erysip- 
elas. He  recognized  it  as  an  elephantiasis,  and  clearly  pointed  out  its 
dependence  upon  lymphatic  obstruction.  Subsequently  he  pul)lished 
reports  of  several  other  cases. 

"Elephantiasis  of  parts  of  the  face,  especially  of  tlie  upper  lij),  is,  of 
course,  a  well  recognized  lesion,  and  many  works  on  dermatology  indi- 
cate the  occurn-iicc  in  rare  cases  of  an  elcphaiitiiisis  of  tlie  wbole  face 
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following  repeated  attacks  of  erysipelas.  Nevertheless,  that  knowledge 
of  Hutchinson's  solid  edema,  or  symmetrical  enlargement  of  the  face 
from  elephantiasis,  is  not  general  is  indicated  hy  the  facts  that  occa- 
sional cases  of  the  condition  repeatedly  fail  of  recognition  and  other 
cases  are  now  and  again  reported  without  clear  appreciation  of  their 
character. 

"There  is  nothing  essential  to  add  to  Hutchinson's  original  accounts 
of  the  condition.     The  patients  give  a  history  of  repeated  attacks  of 


Symmetrical  Elephantiasis  of  the  Lids.      (Pusey.) 


erysipelas,  or  of  a  less  acute  recurring  reticular  lymphangitis  of  the 
face.  In  some  of  these  cases  the  attacks  are  frank  acute  attacks  of  ery- 
sipelas with  high  temperature  and  acute  febrile  symptoms  that  con- 
fine the  patient  to  his  bed.  In  others  the  attacks  are  less  typical ;  there 
is  an  erysipelas-like  local  reaction,  but  little  pyrexia  or  prostration. 
Following  these  attacks  there  is  gradual  symmetrical  enlargement  of 
the  soft  tissues  of  the  face.  There  may  be  evidence  of  a  persistent 
subacute  inflammatory  process,  with  a  diffuse  pale  erythema ;  but  after 
years  tliis  may  disappear  leaving  a  permanent  nornud-colored  thicken- 
ing of  the  tissues.  I  know  of  no  case  in  wliicli  tliere  was  macroscopic 
hyperplasia  of  the  epidermis.  The  enlargement  of  the  tissues  is  of 
course  not  due  to  a  serous  edema,  the  tissues  are  of  normal  consistence, 
and  there  is  no  pitting  on  pressure. 
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''Adam  has  pointed  out  that  the  condition  may  affect  the  mucous 
membranes  as  well  as  the  skin;  that  it  is  probably  the  cause  of  some 
cases  of  solid  edema  of  the  larynx  and  pharynx,  and  that  it  must  be 
added,  as  a  cause  of  solid  edema  of  the  larynx,  to  syphilis,  tuberculosis, 
and  cancer. 

"The  condition  is  probably  always  associated  with  a  focus  of  infec- 
tion on  a  mucous  surface,  Adam  believes  most  frecpiently  near  a 
mucous  orifice.  In  all  of  my  cases  it  was  associated  with  lesions  in 
the  nose. 

"In  the  case  shown  in  the  tigure,  a  negro  boy  18  years  old,  it  had 
followed  innumerable  attacks  of  erysipelas  with  severe  systemic  symp- 
toms which  had  recurred  during  many  years ;  there  was  an  extensive 
hypertrophy  of  the  intranasal  mucosa  with  numerous  foci  of  infection 
from  which  streptococci  and  staphylococci  were  recovered. 

"The  most  important  matter  in  treatment  undoubtedly  is  to  get  rid 
of  the  source  of  the  reinfections,  and  to  that  end  the  discovery  and 
treatment  of  the  lesions  of  the  mucous  membranes,  particularly  in  the 
nose,  are  necessary.  The  strengthening  of  the  patient's  resistance  is 
of  course  desirable.  Hutchinson  recommended  for  this  purpose  'the 
liberal  use  of  tonics,  and  especially  of  iron.'  Of  course  bacterial  vac- 
cines suggest  themselves.  Weaver  and  Tunnicliffe  have  had  a  bril- 
liant result  in  one  case,  in  Avhich  vaccines  killed  by  heat  had  failed,  by 
the  use  of  an  autogenous  streptococcus  vaccine  rendered  sterile  by 
galactose  solution." 

Elephantiasis  arahiim  is  a  rare  disease  which  sometimes  involves  the 
eyelids.  It  may  be  divided  into  two  classes:  (1)  the  tropical  endemic 
type,  wliich  is  due  to  filaria  sanguinis  hominis;  and  (2)  the  sporadic 
type,  which  is  attributed  to  a  variety  of  causes,  all  of  which  produce 
blocking  of  the  lymph-channels.  Thus,  it  follows  oft-recurring  attacks 
of  erysipelas.  In  the  case  reported  liy  Walzberg  hypertrophy  of  the 
left  upper  eyelid  was  present  at  birth.  Attacks  of  iuflanmiation  pre- 
ceded increased  growth.  The  eyeball  was  displaced,  the  eye  was 
amaurotic,  and  the  cornea  was  lia/y.  The  mass  was  successfully  o])('r- 
ated  upon  l)y  Koonig.  The  patliologic  changes  in  elephantisisis  of  tlie 
lids  are  an  hypertrophy  of  the  skin,  particularly  of  the  subcnt;i neons 
f'OiHicf'tive  tissue,  and  dilation  of  the  lymph-spaces,  which  are  Ijlockcd, 
tlms  leading  to  lymphatic  edema.  The  treatment  consists  in  massage 
and  sui'gicjil  measures. —  (J.  M.  1>.) 

According  to  Parsons  (Palliolofjij  of  the  Eye,  p.  12),  in  l)oth  ch- 
fthdiiluisis  liinii)li(iii(/i()(l(  s  Mnd  i  h  plmnl  i/isis  arahuw  tlic  condition  is 
(hic  to  lyiiipli  stasis.  Several  cases  have  been  collected  by  I>ecker.  '^Phe 
changes  are  chiefly  in  the  subcutanenus  tissue,   which  is  enormously 
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hypertropliied  from  increase  of  fibrous  tissue,  mostly  in  bands  or  net- 
works, other  parts  being  gelatinous,  with  soft,  fine  fibres,  and  many 
nuclei  and  cells.  The  blood  vessels  and  lymphatics  are  enormously  en- 
larged, and  the  muscles  show  fibro-fatty  changes.  The  epidermis  is 
also  proliferated. 

Allied  to  elephantiasis  are  the  cases  of  chronic  edema  which  are 
occasionally  met  with.  Their  pathology  is  obscure,  and  the  tissues 
have  seldom  been  submitted  to  microscopic  examination.  In  a  case  fol- 
lowing erysipelas,  Rombolotti  found  edema  of  the  subepithelial  tis- 
sues, with  dilatation  of  the  lymph  spaces.  There  was  some  round- 
celled  infiltration,  and  marked  hyperplasia  of  the  fixed-tissue  elements. 
The  dilatation  of  the  lymph  spaces  was  less  marked  than  in  Polignani  's 
case. 

The  upper  lid  is  a  favorite  situation  for  elephantiasis  neuromatodes 
or  neuro- fibromatosis.  Cases  have  been  reported  by  Billroth,  Burns, 
etc.  There  is  the  characteristic  hypertrophy  of  the  nerves,  and  also  a 
condition  of  lymph  stasis  and  fibromatosis  of  the  subcutaneous  tissues. 
The  condition  of  the  lid  in  the  case  reported  by  Rockliffe  was  as 
follows : 

The  upper  lid  was  enormously  swollen,  the  increase  in  tissue  being 
principally  upon  the  posterior  or  conjunctival  side,  resulting  in  marked 
ectropion.  This  increase  of  growth  consisted  of  masses  of  convolluted 
nerves  covered  by  inflamed  conjunctiva.  The  nerves  were  generally 
smaller  than  those  in  the  major  orbital  part  of  the  growth,  but  showed 
similar  hypertrophy  of  the  endo-and  peri-neurium.  The  nerve-fibres, 
stained  by  Weigert's  method,  showed  comparatively  little  change.  The 
other  tissues  of  the  lid  exhibited  more  edema  and  congestion,  great 
dilatation  of  the  subdermal  lymphatics  being  a  marked  feature. 

Finally,  Wilbrand  {System  of  Diseases  of  the  Eye,  Vol.  II,  p.  277) 
says  that  a  case  of  elephantiasis  has  been  responsible  for  hemiopia — 
the  result  of  pressure  upon  the  chiasma. 

Of  benign  tumors  of  the  lids  simulating  elephantiasis,  a  case  of 
slowly  progressive  neurofibroma  studied  by  Rohmer  {Ophth.  Rev., 
XXX,  p.  360,  1912)  was  reported  by  Gross  in  1882  under  the  title 
Elphantiasis  of  the  Eyelids.  The  patient  came  under  Rohmer 's  ob- 
servation in  1905,  and  post-mortem  study  followed  death  from  pneu- 
monia fifteen  days  after  excision  of  part  of  the  growth.  In  1881  the 
swelling  involved  the  right  eyelids  and  temporal  region.  It  remained 
stationary  in  size  until  about  1897,  and  reached  its  final  volume  about 
four  years  later.  At  the  time  of  operation  the  patient  was  much  en- 
feebled. An  enormous  swelling  occupied  the  whole  of  the  right  tera- 
poro-parietal  region,  extending  upward  nearly  to  the  middle  line  of 
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the  scalp,  backward  almost  to  the  occiput,  downward  2  cm.  behind  the 
ear,  and  in  front  of  the  ear  to  2  cm.  or  3  cm.  from  the  free  edge  of  the 
lower  jaw.  The  cheek  was  involved  almost  to  the  lips,  leaving  intact 
only  a  space  about  2  cm.  wide  toward  the  nose.  The  eyelids  were 
greatly  enlarged,  and  immobile.  Examination  of  the  skull  showed 
the  right  frontal  bone  to  be  riddled  with  small  openings,  collected  in 
groups  measuring  15  to  18  mm.  in  diameter.  The  fronto-parietal 
suture  was  widely  opened. 

Roessler  {Klin.  Monatsb.  f.  Augenh.,  September,  1912)  described  a 
case  of  swelling  of  the  left  upper  lid  which  microscopically  presented 
the  picture  of  pachydermia  (elephantiasis)  lymphangiectatica.  The 
patient,  a  young  man  of  18,  had  had  a  slight  pustular  infection  over 
the  left  zygoma  three  years  before,  followed  by  an  infection  of  the 
parotid  on  the  same  side.  A  blow  over  the  parotid  was  a  factor  in 
producing  the  infection.  The  gland  was  repeatedly  incised.  The  in- 
fection was  followed  by  the  lid  swelling,  which  persisted  for  nearly 
three  years,  when  Roessler  excised  a  portion  of  the  upper  lid  so  that 
the  patient  regained  sufficient  control  to  raise  the  lid  border  to  the 
middle  of  the  cornea.  Up  to  the  time  of  the  excision  the  upper  lid 
was  immovable. 

Wiitzold  {Ophthalmic  Review,  p.  192,  June,  1913)  has  described 
a  case  of  elephantiasis  phlebectatica  in  a  boy  of  14,  who  in  his  eighth 
year  had  suffered  from  extremely  severe  swelling  of  the  right  ear;  soon 
thereafter  he  complained  of  swelling  of  the  eyelids,  this  gradually 
increasing  in  the  course  of  a  year  till  the  doughy  mass  in- 
volved all  the  tissues  above  nose  and  lips.  Around  the  eyes  the  tissue 
was,  at  date  of  exliibition,  liard  and  cicatricial.  There  was  no  history 
either  of  ulcers  or  of  lupus.  The  liony  margins  of  the  orl)it  were  thick- 
ened and  made  coarser  from  involvement  of  the  periosteum :  the  orbi- 
cularis oris  was  much  infiltrated  and  at  the  angles  of  the  mouth  were 
hard  nodules  the  size  of  a  cherry;  the  veins  of  the  whole  face  were 
greatly  distended.     The  origin  of  the  condition  was  quite  uncertain. 

Elephantiasis  oculi.   fL.)    An  obsolete  term  for  extreme  exophthalmia. 

Elettrolisi.      (It.)      Electrolysis. 

Elevateur  de  la  paupiere  superieure.  (P.)  Tlio  levator  palpebrre 
sufx'riofis. 

Elevateur  de  la  pupille.    (  F.)    Tlic  rectus  superior  muscle. 

Elevateur  de  I'oeil.     ( !•'. )     The  rectus  superior  oculi. 

Elevator.  A  great  variety  of  these  useful  instruments  is  described 
and  depicted  under  various  captions  in  this  Encyclopedia.  Under  this 
heading  a  few  examples  are  figured. 
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a,  Wire  Lid  Elevator;  b,  Xieati's  Hook  Elevator  for  the  Eyelid;  c.  Abadie 's 
Articulated  Elevator ;  d,  Set  of  Simple  Elevators  for  Operations  on  the  Lachrymal 
Sac. 


Elevure.     (F.)     Pimple.     Blotch. 

Elisabethinerkug-eln.  (G.)  A  poisonous  cosmetic  containing  chalk, 
alum,  camphor  and  37  per  cent,  of  white  lead.  Mueller  {Wien.  Jdin. 
Wochenschr.,  1895,  No.  25)  describes  a  case  in  which  the  nse  of  this 
face  powder  produced  the  usual  form  of  saturnine,  optic  neuritis  with 
other  signs  of  lead  poisoning,  and  the  permanent  reduction  of  vision 
to  finger  counting. 

Ellaby,  Charlotte  Louisa.  An  Anglo-Indian  surgeon,  who  was  born 
in  1854.  Having  spent  many  years  in  India,  she  returned  to  England 
in  order  to  become  an  ophthalmologist  exclusively.  In  1890  she  was 
appointed  the  first  ophthalmic  surgeon  to  the  New  Hospital  for  Women, 
in  the  Euston  Road,  London — the  eye  department  of  which  she  had  in 
fact  organized.  She  died  in  1909,  after  a  long  period  of  ill  health. — 
(T.  H.  S.) 

Ellebore.     (F.),  n.    Hellebore. 
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Elliott,  John.  An  English  apothecary  and  physician,  of  a  slight  im- 
portanee  in  ophthalmology  hecause  of  his  '"Experiments  and  Observa- 
tions on  Light  and  Colors,  etc."  Horn  at  Chard,  Somerset,  in  1747,  he 
became  at  first  an  apothecary,  but  later  received  the  degree  of  Doctor 
in  ^Medicine.  He  starved  himself  to  death  in  jail,  where  he  lay  await- 
ing trial  for  the  murder  of  his  wife. —  (T.  H.  S.) 

Elliot's  operation.  Simple  tn'])hining  of  the  sclero-cornea  for  the  relief 
of  glaucoma.     Sec  Glaucoma. 

Ellipsoid.  A  solid  whose  surface  is  generated  through  rotation  of  an 
ell  ipse  upon  oiu'  of  its  axes.    See  also  Astigmatisni. 

Elliptically  polarized  light.  Light  wherein  the  ether  particles  vibrate 
in  elliptic  paths. 

Ellipticity.  A  geometrical  expression,  often  applied  to  the  cornea,  i.  e., 
till'  (juality  of  being  elliptic.  It  is  a  term  also  commonly  used  to  de- 
scribe the  figure  of  the  earth,  that  is,  the  difference  between  the  polar 
and  eipiatorial  radii. 

Elliptoid.     Somewhat  resend)ling  an  elli])se. 

Elode.     (F.)     Prevailing  in  marshy  districts.     Malarial. 

Eloigne.     (F.i     Remote.     Distant.     Removed. 

Elongation  des  nerfs.     (F.)     Nerve-stretching. 

El-Rasi.    Sec  Ar-Razi. 

Ely,  Edw^ard  Talbot.  A  well-known  New  York  ophthalmologist.  lie 
was  boi-ii  at  Roch<'ster,  N.  Y.,  Oct.  2,  1850,  the  youngest  son  of  Dr.  W. 
\V.  Ely.  lie  graduated  at  Rochester  University  in  1871,  and  at  the 
College  of  Physicians  and  Surgeons,  New  York,  in  1874.  When  he 
had  served  in  the  Presbytei'ian  and  Charity  Hospitals  for  some  time, 
he  became  associated  with  Dr.  I).  P.  St.  John  Roosa. 

He  became  Assistant  Surgeon  to  the  ^Manhattan  Eye  and  Ear  Hospi- 
tal, Surgeon  to  the  Charity  Hospital,  and  Associate  Professor  of  Oj)h- 
thalmology  and  Otology  in  the  New  York  Post-Graduate  School  of 
Medicine.  In  1878  he  became  a  iMember  of  the  American  Ophthalmo- 
logical  Society.  He  wrote  no  book,  but  contributed  numei'ous  ophthal- 
mologic articles  to  various  journals. 

He  married,  in  1S82,  ?iliss  Emum  L.  Weber,  of  New  York. 
In  Oct..  1SS2.  he  suffered  a  severe  attack  of  hemoptysis.     At  Colo- 
rado Spiiiigs,  Colo.,  his  health  became  much  better,  but,  in  a  very  few 
months,  a  ehronic  abscess  appeared  in  his  left  hip,  and,  returning  to 
his  native  town,  Rochester,  he  died  there  Apr.  12,  1885.— (T.  II.  S.) 

Email.      (F.^      Enamel. 

Embarin.  This  agent  is  a  salicyl-sulphate  of  mei-cury  and  sodium,  and 
it  lias  i-ecently  had  some  advocates  of  its  use  in  luetic  afVection.s.  It  is 
used    by   snbcoii  jiiiict  i\;d    injection    in    mucli    the   same    way    as   other 
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mercurials  are  employed.    Rudolf  Rauch  ( Grade's  Archiv  f.  Oplithal., 
Vol.  88,  p.  184,  1914)  and  R.  Possek  {Berl.  Klin.  Woch.,  Vol.  51,  p.  303) 
have  given  this  method  an  extended  trial  and  recommend  it  in  syphilitic 
diseases  of  the  eye.     The  former  authority  advises  an  injection  every 
two  days  (into  the  gluteal  muscle)  until,  at  most,  twenty  treatments 
have  been  administered.     He  reports  several  cases  of  parenchymatous 
keratitis  in  which  one-half  to  one  cc.  was  administered  with  excellent 
results  and  very  little  local  or  general  irritation. 
Embedding-.     The  fixation  of  a  specimen  in  a  medium  firm  enough  to 
hold  it  intact  during  the  cutting  of  sections  for  microscopic  exam- 
ination.    For  example  Pollock   (Ophthal.  Review,  Sept.,  1908)   dis- 
cusses the  advantages  of  paraffin   as  compared  to  celloidin  in  the 
I)reparation   of   an   eye   for   microscopical   examination    as    follows: 
Paraffin  holds  all  the  parts  together  so  that  there  is  no  fear  of  getting 
them  disturbed  after  cutting,  just  as  celloidin  does.     The  method  of 
fixing  is,  however,  important,  for  if  the  lens  and  sclera  are  rendered 
too  hard  and  brittle  it  may  be  impossible  to  obtain  good  sections.    If 
the  examination  of  the  lens  in  patients  over  30  is  not  important,  the 
writer  removes  the  portion  in  the  half  eye  used  for  sections  in  order 
to  save  the  edge  of  the  razors.     If  the  eye  is  kept  too  long  in  the 
paraffin  bath  a  certain  amount  of  distortion  may  occur.    With  regard 
to  sections  "being  disturbed  after  cutting,"  this  is  largely  a  matter  of 
technic  and  gentleness  of  touch;  but  a  method  of  avoiding  all  risk  is 
described.    The  removal  of  the  paraffin  from  the  sections  takes  scarcely 
more  than  three  minutes,  and  as  it  is  done  by  placing  the  slide  with 
section  in  a  tube  of  xylol,  no  trouble  is  entailed.     The  manipulation 
of  cut  sections  is  a  simple  matter,  even  when  they  curl  up.     Paraffin 
sections  can  be  kept  for  an  indefinite  time  between  layers  of  paper, 
and  paraffin  blocks  are  more  easily  stored  in  permanent  form  than 
celloidin.    Paraffin  sections  may  be  cut  of  extreme  thinness.    This  agent 
is  unsurpassed  by  any  other  method  for  obtaining  serial  sections.    Pol- 
lock describes  his  method  of  procedure  which  has  given  him  the  great- 
est satisfaction,  describing  the  fixing,  staining,  cutting  and  mounting 
of  sections  and  the  method  of  preserving  half  eyes. 
Embolic  panophthalmitis.    See  Metastatic  panophthalmitis;  as  well  as 

Choroiditis,  Suppurative. 
Embolism.  This  is  th<^  condition  in  which  a  blood-vessel,  particularly 
an  artery,  is  wholly  or  partially  occluded  by  a  plug  (embolus),  includ- 
ing the  consequences  of  such  occlusion.  The  best  examples  of  the 
process  as  it  occurs  in  the  human  eye  are  seen  in  obstruction  of  the 
central  artery  of  the  retina.  See,  for  example,  Vol.  Ill,  page  1955  of 
this  Encyclopedia. 
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Embolism,  Air.  Stargardt  (Jour.  A.  M.  A.,  p.  2277,  Dec.  20,  1913) 
proposes  the  ophthalmoscopic  examination  as  a  means  of  recognizing 
air  embolism  of  the  systemic  vessels  in  pnzzling  cases  of  collapse.  Ex- 
perimenting on  the  ape  and  the  rabbit,  he  found  that  the  presence  of 
air  can  be  detected  in  the  retinal  arteries  almost  immediately  after 
it  is  injected  into  the  carotid.  Bubbles  and  short  columns  of  air  shot 
through  the  vessels,  and  in  one  or  two  seconds  the  arter}^  became  com- 
pletely filled  with  air.  At  the  same  time  the  arteries  were  strongly 
contracted  and  the  optic  disc  becomes  snow-white.  The  veins  disap- 
peared in  a  similar  manner  and  a  net-work  of  fine,  white  lines  ap- 
peared. In  about  four  minutes  the  appearance  of  the  fundus  became 
normal,  and  hyperemia  of  the  disc  followed.  The  choroidal  vessels 
are  difficult  to  observe  in  the  ape,  but  air  in  them  caused  yellowish 
spots  in  the  fundus.  In  the  rabbit  the  choroidal  vessels  became  quite 
white  or  a  pale  yellow. 

Embolism,  Cerebral.  According  to  W.  R.  Cadwalader  {Jour.  Amer.  Med. 
Ass)i.,  p.  2248,  1912)  and  other  authorities,  unilateral  optic  atrophy 
sometimes  results  from  this  disease.  According  to  D'Orsay  Hecht, 
(Wood's  Sijstcm  of  Ophtlialmic  Tlierapeuiics,  p.  305)  the  treatment  of 
this  condition  is  much  the  same  as  that  of  cerebral  hemorrhage  except 
that  depletory  methods  by  venesection  or  free  purgation  are  absolutely 
contraindicated.  Emboli  are  not  removable.  Rapidly  acting  stimu- 
lants, such  as  camphor,  strychnine  or  ammonium  carbonate,  are  of  car- 
dinal service  in  strengthening  the  heart's  action  and  establishing  as 
quickly  as  possible  a  strong  collateral  circulation.  If  this  b(^  not  the 
aim  from  the  first,  irreparable  softening  of  brain  tissue  must  follow: 
If  convulsions  appear,  chloral  hydrate  in  doses  of  fifteen  grains  every 
hour  may  be  given,  but  it  is  unsafe  to  give  more  than  tliree  consecutive 
doses.  The  onset  and  late  symptoms  are  treated  expectantly  by  ra- 
tional measures  of  rest  and  diet. 

Embolism  of  the  central  retinal  artery.  Retinal  embolism.  RETiNAii 
i)i5STKi;cTiox.  An  embolus  may  lodge  in  the  arteria  centralis  retinaj 
or  in  one  of  its  branches.  The  disease  comes  generally  without  pain 
and  without  premonitory  signs,  althougli  Schiibl  claimed  that  transient 
obscuration  of  the  visual  field,  or  transitory  blindness,  are  fre(|uent 
premonitory  phenomena.  The  initial  symptom  is  sudden  and  com- 
plete blindness,  if  the  central  trunk  is  obsti'ucted ;  sudden  partial 
blindness,  if  the  embolus  passes  into  a  bi-anch  of  the  central  vessel. 
In  the  latter  event  the  visual  field  is  correspondingly  limited.  Com- 
plete blindness  existing  for  several  miinites  or  hours,  if  the  embolus 
is  lodged  in  the  central  artery,  may  be  followed  by  a  loosening  of  tiie 
plug,  which  then   lodges  in   an  artei-ial   brancli.      \'ision   will  then  be 
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restored  except  in  the  area  of  the  visual  field  which  corresponds  to  the 
part  which  the  })ranch  supplies,  if  examined  iiuniediately  after  the 
accident,  the  ophthabnoscope  will  show  complete  absence  of  blood  fi"om 
a  part  of  or  the  whole  i-etina,  depending  upon  the  location  of  the 
plug.  The  arteries  are  either  comi)letely  lost  to  view  or  much  dimin- 
ished in  size.  The  optic  papilla  is  whitish  or  yellowish.  The  veins  are 
contracted,  l)ut  may  show  irregular  distensions  toward  the  periphery 
of  the  retina.  Tlie  veins  sometimes  present  an  intermittent  flow  of 
blood  with  or  without  pressure.  Pressure  upon  the  eye,  by  increasing 
intra-oenlar  tension,,  may  cause  a  flow  of  blood,  but  there  is  usually 
complete  absence  of  pulsation,  venous  or  arterial,  on  pressure.  Coagu- 
lated blood  nuiy  be  found  in  the  small  arteries,  particularly  in  the 
macular  vessels.  The  entire  fundus  is  white  except  for  the  presence, 
in  the  macular  region,  of  a  cherry-red  spot.  This  spot  has  been 
attributed  to  hemorrhage,  but  it  is  now  generally  believed  that  it  is 
simply  the  natural  color  of  the  fovea  made  prominent  by  contrast  with 
the  white  fundus.  In  a  few  hours  the  retina  shows  opacity  due  to 
edema.  It  becomes  of  a  whitish,  yellowish-gray,  or  greenish  color 
except  for  the  cherry-red  spot  at  the  macula.  In  rare  cases  of  embolism 
the  red  spot  may  be  absent ;  in  the  black  races  it  has  been  observed  as 
a  black  spot.  Later  on  in  the  history  of  the  case  the  retinal  picture  is 
that  of  atrophy.  The  arteries  are  extremely  small,  the  veins  are  narrow 
and  straight,  the  optic  disc  is  white  or  of  a  dirty-gi*ayish  color,  and 
there  is  perivasculitis  and  retinal  degeneration.  Such  an  eye  will  be 
blind;  the  pupil  will  be  dilated  and  fixed  and  the  media  clear.  In 
a  few  of  the  recorded  cases  of  complete  embolism  a  small  sector  of  the 
visual  field  has  been  preserved.  In  such  cases  eilioretinal  arteries  were 
present. 

An  embolus  of  the  central  artery  lodges  usually  immediately  behind 
the  lamina  cribrosa,  at  a  point  where  the  vessel  is  contracted  and 
makes  a  turn  to  ascend  to  the  papilla.  Here  the  embolus  becomes 
organized.  In  Marple's  case  a  thrombus  was  found  behind  the  em- 
bolus ;  the  optic  nerve  was  atrophic,  the  intervaginal  space  was  dilated, 
and  apparently  there  was  a  vaginitis.  Retinal  changes  have  been  found 
by  Elschnig  and  Marple,  whose  cases  were  studied  in  laboratories  seven 
weeks  after  the  onset  of  the  disease.  The  inner  layers  of  the  retina — 
layer  of  nerve-fibres  and  ganglion-cells — are  the  first  to  become 
atrophic. 

The  cause  of  embolism  of  the  central  retinal  artery  is  to  be  sought 
in  lesions  of  the  heart  and  arteries.  Of  125  cases  tabulated  by  Fischer, 
70  per  cent,  showed  valvular  lesions,  recent  endocarditis,  arterio- 
sclerosis,  syphilitic   endarteritis,    or  aneurism.      In   30   per   cent,    no 
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ade(|uatt'  cause  eould  be  found,  but  it  is  safe  to  assume  that  in  one- 
half  of  these  eases  cardiac  or  vascular  lesions  existed  Avithout  giving 
rise  to  physical  signs.  Age  is  not  a  factor,  the  disease  being  found  in 
the  young  as  well  as  in  the  old.  A  few  cases  of  embolism  of  the  central 
retinal  artery  occurring  in  chorea  have  been  recorded  by  Swanzy, 
Benson,  Thomas,  and  others.  Embolism  also  occurs  in  Bright 's  disease, 
and  has  been  seen  during  pregnancy.  ^lultiple  emboli  of  septic  char- 
acter due  to  post-partum  pyemia  are  occasionally  seen.  In  such  cases, 
according  to  Galezowski,  the  left  eye  is  more  often  affected  than  the 
i-ight.  but  ])oth  may  be  involved.  Septic  emboli  produce  panophthal- 
mitis, and  usually  cause  death.  In  some  cases  presenting  the  clinical 
signs  of  embolism,  without  discoverable  cardiac  lesions,  it  is  possible 
that  the  true  condition  is  a  hemorrhage  into  the  optic  nerve-sheath. 
The  blindness  is  sometimes  preceded  by  dail}^  attacks  of  epistaxis, 
as  in  cases  reported  by  Jessup  and  Collins. 

That  embolism  of  the  central  retina  artery  does  not  more  frequently 
occur  is  doubtless  due  to  the  anatomic  fact  that  the  ophthalmic  artery 
branches  from  the  intcn-nal  carotid  at  almost  a  right  angle,  and  that  the 
arteria  centralis  retina'  is  given  oft'  from  the  ophthalmic,  or  from  one 
of  its  larger  Ijranclies,  in  turn  in  much  the  same  way.  Hence,  a  clot 
leaving  a  cardiac  valve  is  much  more  likely  to  continue  its  course  in 
tile  large  vessel  and  lodge  in  the  l)rain  than  to  enter  a  branch  given 
off  in  this  numner.  If  an  embolus  gains  access  to  the  oi)htlialmic 
artery,  it  is  much  moi-e  likely  to  traverse  the  lachrymal,  supra-oi'bital, 
nasofrontal,  and  their  terminal  vessels  (the  ciliary  arteries)  than  the 
retinal  artery.  It  is  probable  that  embolism  of  the  ciliary  arteries  is 
a  more  common  aft'ection  tlian  has  been  supposed;  however,  owing  to 
free  anastomoses,  plugging  of  one  of  tliese  vessels  is  not  followed  by 
sucli  disastrous  eft'ects  as  follow  embolism  of  the  central  artery. 

The  ophthalmoscopic  picture  described  above  is  pathognomonic  of  a 
stoppage"  of  the  I'ctinal  circulation,  but  this  may  be  due  either  to  em- 
bolism, thrombosis,  or  hemorriiage  into  the  sheath  of  the  optic  nerve. 
Except  the  eml)olus  is  lodged  in  a  branch  of  tiie  central  vessel,  dif- 
fei-entiation  between  these  conditions  may  ])e  diiTicult  or  impossible. 
Another  lesion  which  obscures  the  diagnosis  is  thrombosis  of  the 
central  vein  a1  a  ])oint  where  it  can  pi'css  on  and  occlude  the  adjacent 
artery.  According  to  Priestley  Smith,  arterial  thrombosis  can  l)e  dis- 
tinguished from  embolism  by  a  history  of  transient  failure  of  sight, 
resembling  the  permanent  attack  in  its  onset.  Simultaneous  failure 
of  the  other  eye  favors  the  diagnosis  of  thrombosis. 

I'rognosis  is  very  unfavorable.  It  I'arely  happens  that  the  |)lug  be- 
comes displaced   spontaneously  or  by   trcatim'nt.      If  a   ln-andi   of  tile 
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central  artery  is  involved,  there  will  be  loss  of  vision  in  a  corresponding 
area  of  the  field.  Septic  emboli,  such  as  are  found  in  puerperal  fever, 
cause  panophthalmitis  and  often  lead  to  death  by  reason  of  the  plant- 
ing of  septic  foci  in  vital  parts.  It  is  not  easy  to  say  in  these  cases 
whether  the  central  retinal  artery  alone  is  involved ;  it  is  likely  that 
emboli  are  also  present  in  the  choroidal  vessels  (ciliary  arteries).  In 
embolism  of  a  branch  of  the  central  artery  the  formation  of  an 
anastomosis  was  observed  by  Konigshofer.  If  a  cilioretinal  vessel  is 
present,  the  plugging  of  the  central  artery  will  not  completely  check 
the  supply  of  blood  to  the  retina :  a  limited  area  supplied  by  the 
cilioretinal  vessel  will  functionate.  While  the  prognosis  in  embolism 
is  usually  unfavorable,  great  or  complete  restoration  of  vision  is  pos- 
sible. Cases  have  been  reported  in  which  vision  was  restored  by  deep 
massage  combined  with  the  internal  use  of  Rochelle  salts  and  iodid  of 
potassium  and  hypodermic  injections  of  pilocarpin. —  (J.  M.  B.) 

So  far  as  treatment  is  concerned  the  embolus  has  been  dissipated  or 
dislodged  and  the  retinal  circulation  partially  or  entirely  restored,  yet 
treatment  in  the  majority  of  instances  is  without  avail.  Fischer, 
Wiirdemann  and  Casey  Wood  have  used,  with  success  in  several  in- 
stances, deep  massage  with  the  suction  apparatus  or  the  finger.  The 
earlier  this  measure  is  tried  the  better,  and  it  should  be  used  in  con- 
junction with  inhalations  of  nitrite  of  amyl. 

The  Editor  has  published  the  results  of  iridectomy  in  a  number  of 
cases  but  he  cannot  say  that  the  results  were  encouraging.  Hypo- 
dermic injections  of  pilocarpine,  with  the  internal  administration  of 
salines  and  potassium  iodide,  may  be  used  in  conjunction  with  massage. 
Recurring  to  the  last  mentioned  form  of  treatment,  the  Editor  is  in 
favor  of  covering  the  lids  with  a  little  vaseline  and  making  deep,  con- 
tinuous rotary  and  up  and  down  movements  over  the  globe  for  several 
minutes,  intermitting  them  when  the  pressure  becomes  painful.  This 
treatment  should  be  followed  for  a  week  or  ten  days  and  not  aban- 
doned as  long  as  the  perimeter  or  the  ophthalmoscope  shows  any  im- 
provement. 

R.  A.  Fenton  (Wood's  System  of  Ophthalmic  Therapeutics,  p.  795), 
advises  careful  massage  with  the  double  suction  cup  and  Victor  electric 
pump  (pressure  releases  between  strokes)  for  the  dislodgment  of  the 
thrombus  or  embolus.    See,  also,  Vol.  Ill,  p.  1955,  of  this  Encyclopedia. 

George  Coats  {Ophthahnic  Review,  p.  141,  May,  1912)  has  given  an 
instructive  abstract  of  the  well-known  paper  on  this  subject  by  Rubert 
{Klin.  MonatsM.  f.  Augenh.,  xlix.  2,  p.  721,  1911),  whose  case  is  im- 
portant because  the  globe  was  obtained  for  pathological  examination 
at  a  comparatively  early  date  after  the  occurrence  of  obstruction  of  the 
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central  artery.  The  patient  was  a  man  aged  41,  who  had  had  a 
gastrostomy  performed  for  esophageal  stricture.  Ten  days  later  the 
left  eye  suddenly  became  blind,  with  the  typical  picture  of  obstruction 
of  the  central  artery,  and  four  days  later  he  died  with  symptoms  of 
cardiac  failure  and  dyspnea.  A  plug  was  found  in  the  artery  at 
its  division  on  the  papilla,  but  not  reaching  so  far  back  as  the  lamina 
cribrosa.  It  was  composed  of  a  compact,  almost  homogeneous,  hyalin- 
looking  substance,  staining  dark-red  with  eosiu,  and  brown  with  v. 
Gieson's  stain.  Weigert's  fibrin  stain  gave  no  result.  The  endothelium 
was  proliferating  slightly,  and  commencing  to  invade  the  periphery 
of  the  mass,  but  otherwise  the  coats  of  the  vessel  were  normal  and 
uninfiltrated.  The  retinal  vessels  were  normal,  the  arteries  narrow, 
the  veins  enlarged.  The  papilla  was  swollen  and  prominent,  owing 
to  serous  infiltration  of  the  tissues ;  the  nerve  fibres  showed  some  signs 
of  disintegration,  and  there  were  many  "granule  cells."  Similar 
changes  were  present  in  the  nerve  fibre  of  the  retina;  the  ganglion 
cells  showed  degeneration,  chromatolysis,  vacuolization,  shrinkage,  etc. ; 
they  were  better  preserved  in  the  periphery  than  towards  the  posterior 
pole.  The  more  external  layers  showed  a  certain  amount  of  edema,  and 
some  changes  in  tlie  nervous  elements.  The  rod  and  cone  and  outer 
nuclear  layers  were  practically  normal.  The  fovea  was  free  from 
edema.     The  choroid  and  all  anterior  parts  of  the  eye  were  normal. 

The  author,  probably  correctly,  claims  this  as  a  case  of  true  em- 
bolism. Endarteritis  was  absent.  As  to  thrombosis,  the  lowered  blood 
pressure  due  to  the  patient's  illness  and  operation  might  possibly  liave 
caused  a  marantic  thrombus,  but  even  this  is  unlikely  to  occur  with- 
out slight  local  disease  of  the  wall.  Moreover  a  thrombus  only  four 
days  old  should  show  blood  corpuscles  and  fibrin,  which,  however,  were 
absent  in  the  present  instance.  It  is  probable  therefore  that  the 
obstructing  mass  was  of  older  date  than  the  blindness,  and  was  formed 
in  some  part  of  the  ])ody  otlier  than  the  eye.  The  absence  of  pro- 
dromal obscurations  and  of  partial  recovery  are  also  in  favor  of  true 
embolism.  As  to  the  source  of  the  embolus,  nothing  certain  could 
be  affirmed,  as  there  seems  to  have  been  no  complete  post-mortem 
examination. 

]\Iuch  more  dou])triil  is  the  jiutbor's  statcincnl  that  liis  own  case, 
and  perhaps  Siegrist's  are  tlie  only  ones  in  whicli  the  embolic  nature 
of  the  obstru(;tion  has  been  proved  beyond  cavil.  It  is  difficult  to  know 
what  is  to  be  the  standard,  but  if  the  presence  within  the  central 
art<^ry  of  a  structureless,  calcareous  mass  showing  no  organic  con- 
nection with  the  walls  of  the  vessel,  which  were  entirely  free  from 
infiltration ;  together  with  extreme  collapse,  without  endarteritis,  of 
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the  artii'V  in  the  vii-iiiity  ;  the  ])ati('nt  bciii^-  the  sul).je('t  of  severe  oii- 
doi*ai-ditis,  with  mitral  disease  and  aortic  regurgitatiou ;  and  the  blind- 
ness being  perfectly  snddcMi ;  if  these  are  points  of  importance,  then  the 
occurrence  of  true  embolism  has  been  proved  by  a  case  reported  by  the 
reviewer.  This  ease  seems  to  have  escaped  the  author's  notice,  but 
apart  from  this  it  is  i)robablc  that  tlic  Ziirich  school,  which  has  ren- 
dered eminent  services  in  setting  the  claims  of  endarteritis  and  throm- 
bosis on  a  firm  basis,  has  carried  too  far  its  rejection  of  true  embolus 
as  a  cause  of  obstruction  of  the  central  artery. 

In  explaining  the  fact  that  the  central  vessels  contain  blood  Hubert 
relies  on  a  hypothesis  of  Elschnig's,  which  states  that  when  the  arterial 
pressure  is  cut  olf,  and  the  blood  pressure  consequently  sinks  below  the 
intraocular  pressure,  the  vessels  become  collapsed,  and  the  collapse 
occurs  first  where  the  pressure  is  lowest- — ^at  the  point  of  exit  of  the 
vein.  This  would  account  for  the  imprisonment  of  blood  within  the 
eye,  but  is  no  explanation  of  what  really  does  take  place — namely  a 
restoration  of  the  circulation.  A  much  more  probable  supposition  is 
that  the  renewed  circulation  is  due  to  the  enlargement  of  capillary 
anastomoses  in  the  nerve  and  papilla. 

Dealing  with  the  retinal  lesions  and  the  cause  of  the  retinal  opacity 
the  author  finds  that  the  changes  were  more  extensive  in  his  case  than 
in  Siegrist's,  the  only  other  in  which  an  early  examination  has  been 
possible.  He  considers  that  the  condition  is  essentially  an  edema. 
Against  regarding  edema  as  other  than  a  secondary  lesion,  however, 
there  are  certain  objections;  one  would  expect,  for  instance,  to  find 
the  fluid  extra vasated  as  much  (or  more)  from  the  peripheral  vessels 
as  from  those  at  the  posterior  pole,  and  .as  much  in  the  outer  reticular 
layer — which  is  a  favorite  situation  of  edema — as  in  the  nerve  fibre 
layer.  Swelling  of  the  papilla,  such  as  Rubert  describes,  is  surely 
not  a  common  accompaniment  of  obstruction  of  the  central  artery.  In 
the  present  instance  also  the  presence  of  granule  cells  and  the  ex- 
tensive changes  in  the  ganglion  cells  show  that  other  factors  are  to 
be  taken  into  account.  That  changes  in  the  ganglion  cells  are  capable 
of  producing  a  picture  closely  similar  to  that  of  obstruction  of  the 
central  artery  is  shown,  as  Hancock  has  pointed  out,  by  the  case  of 
amaurotic  family  idiocy,  in  which  the  absence  of  edema  has  been  re- 
peatedly demonstrated  by  the  examination  of  fresh  material.  More- 
over, the  ganglion  cells  are  most  thickly  distributed  precisely  where 
the  opacity  is  thickest,  and  are  absent  where  the  opacity  is  absent — 
at  the  fovea.  The  point  can  scarcely  be  settled  finally  by  post-mortem 
material  fixed  in  Kaiserling's  fluid,  and  although  the  present  case  is 
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a  valuable  contribution  to  the  (|uestion.  further  oliservations  are  de- 
sirable. 

More  recent  ol)servations  on  this  important  subject  will  be  found  in 
the  Ophthahnic  Y car-Book  for  1913.     Amoufi:  them  are  the  followingj: 

In  his  elinieal  study  of  occlusion  of  the  retinal  arteries,  Kober  {Beit, 
z.  Augenh.,  Vol.  85,  p.  405)  makes  no  attempt  to  distinguish  between 
eases  of  eml)olism  and  those  of  thrombosis.  But  he  inclines  to  the  view 
that  local  sclero-thrombotic  lesions  are  the  common  cause  of  closure  of 
these  vessels.  His  monograph  is  based  on  60  cases  seen  in  the  Tubingen 
University  Clinic,  among  134,970  patients  sutfering  from  eye  disease, 
or  one  in  2,249.  In  57  of  the  cases  but  one  eye  was  affected ;  in  3  both 
eyes  were  involved.  In  30  of  the  former  the  obstruction  occurred  in 
the  central  artery.  In  27  it  involved  one  or  more  of  the  retinal 
branches.  In  the  bilateral  cases  the  central  artery  was  always  occluded. 
The  two  sexes  were  involved  about  equally,  31  men,  29  women. 

With  regard  to  the  period  of  life  at  which  this  lesion  occurs,  the  33 
cases  of  closure  of  the  arterial  trunk  showed  a  maximum  of  seven  in 
the  seventh  decade,  with  an  almost  equal  inimber  (6)  in  the  third 
decade.  Of  the  cases  of  closure  of  one  or  more  branches  the  nuiximum 
(10)  occurred  between  20  and  30  years  of  age.  When  all  the  cases  are 
taken  together  the  maximum  (16)  occurred  in  the  third  decennial 
period,  while  only  10  occurred  in  the  seventh  decade.  Of  the  bilateral 
cases  one  was  the  youngest  patient,  a  girl  of  17,  sutfering  from  mitral 
insufficiency,  nephritis  and  anemia.  The  other  two  were  men,  aged 
71  and  73    (the  latter  the  oldest  patient)   l)oth  with  arteriosclerosis. 

As  a  prodromal  symptom,  12  gave  a  history  of  previous  temporary 
obscuration  of  vision  of  the  affected  side;  and  5  had  noticed  such 
obscuration  in  both  eyes.  Kober  points  out  that  the  danger  of  helpless 
blindness  from  bilateral  occlusion  is  slight,  only  5  per  cent,  of  the 
cases.  Of  the  27  cases  of  partial  involvement,  the  vision  subsecfuently 
improved  in  8.  As  to  the  general  conditions  with  such  arterial  obstruc- 
tion, associated  heart  lesions  were  found  in  11;  local  arteriosclei'osis 
of  the  retina  in  11  ;  general  arteriosclerosis,  14.  Three  suffered  from 
apoplexy,  and  2  fi'om  nephritis.  In  17  no  u(Miei"al  disease  was  dis- 
covered, and  ill  2  this  point  was  not  noted. 

That  obstruction  of  the  cenlrnl  artery  of  the  retina  may  be  due  to 
embolism.  Coats  {Roijal  Loud.  Oph.  Ilosp.  lup.,  Vol.  19,  p.  45,  1913) 
considers  proved  by  a  case  he  reports.  A  woman  who  had  rheumatic 
fever  at  IS  years,  followed  by  mitral  stenosis,  suffered  sudden  loss  of 
vision  in  the  right  eye  at  the  age  of  71  ;  and  the  eye  was  enucleated 
within  t\\(t  nionlhs  tor  jzhiucoiiia.  ('oats  found  in  thi'  reiilral  retinal 
artery  at   the  upper  h'vel  of  tlie  lamina   cribrosa   an   unorganized  cal- 
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caivous  mass  without  adhesion  to  the  vessel  wall,  which  was  normal 
.  in  this  situation,  exeept  for  partial  loss  of  endothelium.  In  front  of 
this  mass  there  w^as  a  thrombus,  and  there  was  partial  thrombosis  of 
the  central  vein.  The  ease  meets  the  requirements  of  Harms  for  a 
demonstration  of  the  embolic  nature  of  an  obstruction.    These  are : 

(1)  Proof  of  lodgment  of  the  plug  in  a  lumen  previously  free; 
and  absence  of  primary  disease  of  the  arterial  wall.  (2)  The  find- 
ing of  a  source  of  emboli.  (3)  Absence  of  signs  pointing  to  throm- 
bosis. 

Coats  thinks  that  one  of  Harms'  cases  may  have  been  of  this  char- 
acter ;  and  that  cases  published  by  Schweiger,  Manz  and  Marple  were 
examples  of  true  embolism.  It  is  evident  that  the  mass  of  cases  of 
retinal  arterial  obstruction  reported  do  not  meet  these  reciuirements, 
and  that  they  ought  not  to  be  placed  under  the  heading  embolism. 
In  Coats'  case  the  glaucoma  was  secondary  to  hemorrhage  into  and 
inflammation  of  the  iris.  Coats  suggests  that  the  relation  of  obstruc- 
tion of  the  retinal  artery  to  glaucoma  may  be  through  coincident 
vascular  disease  of  the  iris,  with  thrombosis  of  the  retinal  veins, 
while  the  circulation  is  in  abeyance. 

As  to  the  cause  of  retinal  opacity  in  cases  of  arterial  obstruction; 
Coats  argues  in  favor  of  the  view  that  it  is  not  retinal  edema,  but  an 
ischemic  necrosis.  He  points  out  that  in  amaurotic  family  idiocy 
disease  of  the  ganglion  cells  alone  produces  a  similar  picture,  without 
any  trace  of  edema.  In  the  eyes  suffering  from  obstruction  that  have 
been  examined  postmortem,  the  evidences  of  edema  are  slight,  and  not 
greater  in  the  central  region  than  in  the  periphery.  Retinal  edema 
does  not  spare  the  fovea,  as  we  see  in  renal  retinitis.  On  the  other 
hand  the  localization  of  ischemic  necrosis  of  the  nerve  fiber  and  gang- 
lionic cell  layers  would  perfectly  account  for  the  distribution  of  the 
opacity  after  arterial  obstruction.  In  a  case  reported  by  Marin  Amat 
{Arch,  de  Oft.,  Vol.  12,  p.  590,  1913)  the  retinal  opacity  was  found 
after  19  months  and  had  not  completely  disappeared  a  year  later. 

A  case  of  blindness  with  the  appearances  of  retinal  embolism  occur- 
ring a  week  after  induced  abortion  at  the  fifth  week  with  severe 
hemorrhage  is  reported  by  Gjessing  {Klin.  M.  f.  Augenh.,  p.  595,  Nov., 
1912).  When  seen  three  days  after  the  blindness  the  lower  quadrant 
of  the  retina  appeared  normal,  while  other  portions  showed  the  picture 
of  arterial  obstruction.  In  the  upper  field  the  patient  could  see  the 
light  of  a  small  candle,  other  parts  being  blind.  The  retina  cleared 
up  and  became  normal,  and  the  field  extended  nearly  to  normal  limits, 
leaving  a  relative  central  and  absolute  paracentral  scotoma,  and  vision 
of  1/7  within  six  weeks.     In  a  case  reported  under  the  heading  of 
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embolism  by  Watson  (Ophth.  Rec,  Vol.  22.  p.  103,  1913)  the  impair- 
ment of  sight  was  somewhat  gradual.  The  patient  had  myocarditis  and 
blood-pressure  of  160  mm. 

In  his  review  of  the  pathology  of  the  retinal  vessels,  Harms  (Graefe's 
Arch.  f.  Ophth.,  Vol.  84,  p.  101,  1913)  reports  a  study  of  4  cases  in 
which  both  eyes  became  blind  from  obstruction  of  a  central  retinal 
artery ;  and  brings  together  15  other  cases  from  the  literature.  In  4  of 
the  cases  the  blindness  involved  both  eyes  simultaneously,  or  with  an 
interval  of  three  minutes  as  reported  in  one  of  them.  In  three  cases 
the  interval  varied  from  3  to  8  days.  In  the  remaining  cases  the 
second  eye  was  not  affected  for  more  than  two  months  after  the  first, 
the  longest  interval  being  ten  years.  These  patients  showed  general 
pathologic  conditions  including  anemia,  albuminuria,  arteriosclerosis, 
senile  marasmus,  increased  blood-pressure,  aortic  and  mitral  insuffi- 
ciencies, cardiac  hypertrophy,  and  dyspnea,  amenorrhea  and  epistaxis ; 
and  one  ended  in  apoplexy  twelve  years  after  the  blinding  of  the 
first  eye. 

As  to  prognosis.  Harms  finds  that  for  simultaneous  bilateral  blind- 
ness which  has  lasted  for  days  it  is  absolutely  unfavorable.  But  if  a 
patient  comes  with  such  blindness  of  one  eye  he  may  truthfully  be 
told  that  the  chances  of  the  second  eye  becoming  similarly  affected  are 
slight.  More  than  70  per  cent,  retain  good  vision  in  one  eye  to  the 
end  of  life. 

Knorr  (Md.  Med.  Jour.,  Vol.  56,  p.  218,  1913)  reports  the  case  of 
an  otherwise  healthy  woman,  the  mother  of  ten  children,  who  at  48 
years  suffered  from  sudden  loss  of  sight  in  the  right  eye ;  but  with 
retention  of  the  field  from  the  blind  spot  5  degrees  beyond  the  point 
of  fixation.  The  ophthalmoscope  showed  the  picture  of  arterial  obstruc- 
tion, with  no  retinal  hemorrhages.  She  had  full  vision  in  the  retained 
field.  She  suffered  right  hemiplegia  nine  months  later.  The  left  eye 
continued  normal  for  twenty  months  after  the  right  was  affected,  when 
suddenly  its  sight  became  dim,  olgects  appearing  silvery  then  gray, 
and  were  blotted  out.  The  blindness  was  complete;  the  ophthalmo- 
scope showed  the  same  condition  as  had  been  present  in  the  right  eye. 

Werner  (Trans.  Ophth.  Soc.  IJ.  K.,  Vol.  33,  p.  9,  1913)  reports  a 
case  in  a  boy  who  had  headaches,  and  suddenly  became  blind  in  the 
left  eye.  Three  days  later  the  right  was  similarly  affected.  When 
seen  three  days  after  tliis  the  pupils  were  dilated,  movable.  Thei-e  was 
no  light  pei-('e|)tion,  and  tlie  fundus  showed  the  nasal  aj)|)eai'ance  of 
embolism  with  a  few  hemorrhages.  The  Wassermann  was  negative, 
tuberculin  positive.     In  six  weeks  he  had  recovered  vision  of  6/30 
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and  6/24  iu  \evy  limited  cciili-al  liclds.  Tlu'  discs  l)ecauie  absolutely 
white,  the  vessels  small. 

Embolism  of  the  internal  carotid.  Obstruction  of  this  artery  rarely 
produces  eye  symptoms  when  it  occurs  on  the  cardiac  side  of  the  oph- 
thalmic artery  because  the  circle  of  Willis  furnishes  a  sufficient  col- 
lateral circulation.  As  a  rule  the  same  observation  holds  good  of  ob- 
structions in  other  portions  of  the  vessel.  Even  ligature  of  the  com- 
mon carotid  may  produce  only  a  temporary  interference  with  the  in- 
traocular circulation  and  a  fleeting  disturbance  of  vision.  Indeed  all  of 
these  abnormal  conditions  within  the  lumen  of  the  carotids  are  of  im- 
portance only  because  of  the  danger  of  secondary  embolism  and  throm- 
bosis of  the  ophthalnnc  and  retinal  arteries. 

Embolism  of  the  ophthalmic  artery.  Owing  to  the  anatomical  fact  that 
the  branches  of  this  vessel  anastomose  so  abundantly  with  arterial  twigs 
of  the  internal  and  external  carotids  embolism  is  clinically  difficult  or 
impossible  to  diagnose.  It  is  likely  that,  so  far  as  eye  signs  are  con- 
cerned, at  the  moment  of  obstruction  a  temporary  disturbance  of 
vision  may  occur,  such  as  is  seen  shortly  after  ligature  of  the  common 
or  internal  carotid. 

Emboloid.    Resembling  or  pertaining  to  an  embolu.s,. 

Embolus.  A  plug  arrested  in  a  blood-vessel  or  a  lymphatic  and  causing 
obstruction. 

Embrocation.  The  application  of  a  ]i(|uid  remedy  to  the  surface, 
especially  by  rubbing.  Any  liquid  medicament  applied  by  rubbing; 
especially  a  liniment. 

Embryograph.  A  modified  compound  microscope  originally  designed 
by  His  for  drawing  large  objects  like  entire  embryos  with  a  camera 
lucida  under  an  amplification  varying  from  4  to  70  diameters.  It 
consists  of  a  plano-convex  lens  from  2  to  3  ctm.,  in  diameter,  a  small 
photographic  or  a  low  microscopic  objective,  a  mirror,  a  stage  to  sup- 
port the  objects,  and  an  ocular  combined  with  a  camera  lucida,  usually 
of  the  Oberhausen  form.  The  varying  powers  are  obtained  by  chang- 
ing the  relative  position  of  the  parts,  and,  as  the  ocular  remains  con- 
stant, the  size  of  the  final  image,  as  with  single  lenses,  depends  on  the 
law  that  the  size  of  the  object  and  that  of  the  image  are  directly  as  their 
distance  from  the  centre  of  the  objective. —  (Foster.) 

Embryology  of  the  eye.  See  Development  of  the  human  eye,  Vol.  V,  p. 
3862,  of  this  Encyclopedia,  as  well  as  the  same  process  in  the  lower 
animals  discussed  under  Comparative  ophthalmology.  Vol.  IV,  p. 
2519. 

Embryontoxon.  Sclerophthalmos.  Macula  arcuata.  Arcus  juve- 
nilis.   As  stated  in  Vol.  I,  p.  560,  of  this  Encyclopedia,  this  is  usually 
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a  congenital  opacity  of  the  cornea,  situated  within  the  cknir  cornea.    It 
is  a  rare  condition. 

G.  Attias  (Graefe's  Archiv.  fiir  OphthaL,  Vol.  81,  part  3,  1912), 
considers  arciis  juvenilis  as  a  probable  persistent  embryontoxon,  a 
peripheral  corneal  opacity  sometimes  observed  in  the  cornea  of  the 
newborn.  Arcus  juvenilis,  too,  is  probably  not  a  permanent  opacity. 
He  cites  five  eases  of  arcus  juvenilis,  and  compares  this  form  with 
gerontoxon  as  follows:  1.  Arcus  senilis  occurs  either  as  a  complete 
circle  consisting  of  a  larger  upper  arc  and  a  smaller  lower  arc,  or  as  a 
single  arc  which  is  always  located  above.  Walter  is  the  only  writer 
who  claims  that  arcus  senilis  first  appears  in  the  lower  half  of  the 
cornea,  a  view  perhaps  the  result  of  mistaking  the  juvenile  are  for 
cases  of  incipient  arcus  senilis.     The  juvenile  arcus  seldom  occurs  as 


Distribution  of  Embryontoxon.      (Attias.) 

a  complete  circle;  wlicii  it  docs,  tlic  upper  portion  is  the  more  delicate. 
It  is  usually  made  up  of  two  arcs,  an  upper  inner  and  a  lower  external 
portion.  A  medial  and  a  lateral  arc  sometimes  occurs.  The  upper 
arc  is  tiie  siualler.  Wlien  only  one  arc  exists,  it  is  below  and  may 
be  slightly  external  or  internal.  2.  Arcus  senilis  is  sharply  differ- 
entiated only  peripherally,  whereas  the  arcus  juvenilis  is  sharply 
difi'erentiatcd  centrally  and  peripherally.  3.  Gerontoxon  is  always 
bilateral  and  ('(nudly  and  syinmctrically  distributed.  Tlie  arcus 
juvenilis  may  bo  present  in  only  one  eye;  when  it  occurs  in  both 
eyes,  its  form  and  extent  may  differ  in  the  two  eyes.  4.  Oblicpie 
illiiniinatioii  shows  llial  the  arcus  juvenilis  does  not  jx-nrti-ate  the 
•  •ofiK  al  tissue  as  deeply  as  the  gerontoxon. 
Embryoscope.  A  device  foi-  enabling  one  to  observe  the  course  of 
development  in  eggs  with  shells,  like  tlie  hen's  egg.  In  its  simplest 
form  it  consists  of  a  thin  piece  of  glass  cemented  by  paraffin  or  in 
some  otiier  way  over  an  opening  through  the  shell  and  shell  mem- 
branes. Tile  embryoscope  of  Gerlach  consists  of  a  i)erforated,  saddle- 
shaped  metallic  j)ieec  oi-  holder,  which  is  firmly  cemented  to  the  egg- 
shell. The  egg-shell  and  its  niemln'anes  are  then  cnt  away  inside  the 
prri'oration  with  a  trephine,  and  a  nnt  eontaiidng  a  glass  window 
is  sci'ewed   into  the  p.-rl'oratrd   holdri-.     On  suitably   turning  the  vg^. 
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the  blastoderm  comes  up  under  the  window  and  may  be  studied.  With 
this  appliance  the  development  of  eggs  has  been  followed  until  the 
13th   day   of  incubation.      (Foster.) 

Embryoscopic.     Pertaining  to  the  examination  of  embryos. 

Emden,  Jakob.  A  well-known  German  surgeon,  of  slight  ophthalmo- 
logic importance.  Born  at  Frankfort-on-the-Main  in  1796,  he  received 
his  medical  degree  at  Gottingen,  presenting  as  dissertation  "De 
Raphiarcestro,  Novo  Instrumento  ad  Coremorphoseos  Methodum  Per- 
ficiendam."  This  instrument  is  said  by  Strieker  to  be  pictured  in 
Blasius'  " Akiurgische  Ahhildwngen,"  Berlin,  1833,  plate  17,  Fig. 
72-77.  Emden  practised  for  a  long  time  at  Frankfort,  and  was  for  some 
years  physician  to  the  Jewish  hospital.  He  died  April  13,  1860. — 
(T.  H.  S.) 

Emeralopia.     (It.)     Hemeralopia. 

Emerg'ent  ray.  In  optics,  a  ray  of  light  emanating  from  a  transparent 
medium  at  whose  surface  it  has  or  may  not  have  suffered  refraction. — 
(C.  F.  P.) 

Emesia.     (L.)     Nausea.    Vomiting. 

Emeticite.     (F.)     The  property  of  exciting  vomiting. 

Emication.    Flying  off  in  small  particles. 

Emilia  sonchifolia.  A  species  of  plant  common  in  the  East.  In  China 
the  leaves  are  eaten  raw  in  salads.  In  the  East  Indies  the  cooling 
juice  is  prescribed  in  inflammation  of  the  eyes.  It  is  used  as  a  decoc- 
tion on  the  Malabar  coast  as  a  febrifuge,  and  the  juice,  mixed  with 
sugar,  is  employed  in  bowel  complaints.  The  pure  juice  of  the  leaves 
is  used  in  Travancore  for  night-blindness. 

Eminence  lobee.  (F.)  A  name  given  by  Baudelot  to  the  optic  lobe  in 
fishes. 

Eminence,  Superciliary.  That  portion  of  the  external  table  of  the 
frontal  bone,  corresponding  to  the  upper-inner  aspect  of  the  superior 
margin  of  the  orbit,  just  above  the  eyebrow. 

Eminentia  magna  cerebri.    (L.)    A  name  for  the  optic  thalamus. 

Emission  theory  of  light.  Corpuscular  or  Newtonian  theory.  It  is 
now  abandoned,  though  its  terms  still  remain  in  literature  and  affect 
thought.  It  was  supposed  that  the  propagation  of  liglit  is  by  an  actual 
transfer  of  material  particles.  See  Lig-ht,  as  well  as  Physiological 
optics. 

Emissive.    Emittent.     Radiating,  or  sending  out. 

Emissivity.    Radiating  power. 

Emmenes.    (L.)    Hyoscyamus. 

Emmert,  Emil.  A  well-known  ophthalmologist  of  Berne,  Switzerland. 
Bom  at  Berne  Dec.  1,  1844,  he  studied  his  profession  in  that  place,  and 
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received  his  medical  degree  in  1868.  After  a  period  of  graduate  study 
in  Berlin,  Vienna,  London,  and  Utrecht,  where  those  who  chiefly  in- 
terested him  were  A.  v.  Graefe,  Arlt,  Critchett  and  Bowman,  he  settled 
in  Berne  (in  1870)  and  there  continued  to  practise  ophthalmology^  and 
to  teach  that  subject  as  privat  decent,  until  his  death  in  1911. 

In  addition  to  numerous  articles,  and  a  large  amount  of  able  editor- 
ial work   (rendered  as  collaborator)   he  A\Tote:     1.  Refractions — und 
Accomod-ationsverhaltnisse  des  Menschliohen  Auges.     2.  Sckidunter- 
sttcJnoigcn  und  Schidhygicne.     3.  Auge  und  Schddel. —  (T.  H.  S.) 
Em.metrope.     A  person  whose  eyes  exhibit  a  normal  refraction.     See 

Emmetropia. 
Emmetropia.  In  this  refractive  condition  of  the  eye  parallel  rays  of 
light  are  exactly  foeussed  on  the  layer  of  rods  and  cones  of  the  retina. 
While  this  is  the  mathematical  definition  of  emmetropia,  it  is  impossible 
to  consider  the  functions  of  the  visual  organ  as  dominated  by  fixed 
mathematical  laws.  Such  an  eye  cannot  be  termed  a  "normal  eye," 
for  it  may  easily  be  abnormal  or  morbid  and  nevertheless  be  emme- 
tropic. If  the  emmetropic  eye  be  considered,  as  it  scientifically  should 
be,  as  a  perfect  visual  mechanism,  in  which  parallel  rays  of  light  are 
brought  to  a  focus  exactly  on  that  part  of  the  retina  devoted  to  distinct 
vision  when  the  eye  is  in  a  state  of  rest,  it  is  doulitful  that  it  has 
any  existence  at  all.  The  emmetropic  eye,  as  it  is  clinically  seen  at 
times,  is  but  a  temporary  condition  in  what  is  known  as  diminishing 
hypermetropia — the  transitional  stage  between  hypermetropia  and 
myopia,  a  refractive  halt  in  an  irritated  or  inflamed  eye  that  needs 
treatment. 

An  eye  is  normal  in  which  the  structures  are  free  from  disease  asso- 
ciated with  uudisturbing  physiologic  action  giving  as  nearly  a  normal 
visual  result  for  both  near  and  far  as  possible.  The  size  or  the  shape 
is  of  no  consequence.  If  it  be  healthy  and  acting  properly,  it  is 
normal. 

An  eye  in  v.liirh  ttir  pi'iiicipal  fo<-us  falls  on  tiic  retina  may  vary  in 
its  dimensions:  the  shorter  the  radius  of  curvature  of  the  cornea  or  of 
the  lens,  the  closer  the  retina  would  have  to  be  to  the  dioptric  surfaces. 
Conversely,  the  longer  the  radius  of  curvature  of  the  cornea  or  lens, 
tile  fartlicr  tlic  fctiii;i  must  be  I'l-oni  the  (lio])tric  suj-faces.  As  extremes 
we  may  iiave  an  emmet i-opic  eye  with  a  corneal  radins  of  S.04  milli- 
metres and  an  axis  of  24.94  millimetres,  or  one  with  a  eornejil  r;i(lius 
of  0.9;")  miilinieti-es  and  a  visual  axis  of  20.95  iiiilliinetres.  Arlt  a(l()])ts 
a  coi-neal  eni-ve  f»f  7.0  iiiillinieti-es  and  an  axis  of  24  millime,tres  as  the 
average  standii I'd  in  emmetrojda. 

In  the   newborn    ha  lie   the   average  diameter  in  the   visual   axis   is 
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17.495  milliiiK'trcs,  the  avei-age  horizontal  diameter  is  17.2  millimetres, 
and  the  average  vertical  diameter  is  16.38  millimetres. 

Theoretically,  the  emmeti'opic  eye  is  proliably  the  best  adapted  for 
comfort,  and  shonld  always  be  sought  for,  even  though  it  is  a  theoretic 
standpoint  that  cannot  l)e  gained.  While  it  may  be  a  liroad  general 
rule  to  restore  the  eye  to  a  condition  of  emmetropia  by  suitable  glasses, 
the  condition  artificially  obtained  is  not  always  the  best  for  the  well- 
being  of  the  organ.  A  perfect  vision  obtained  by  neutralizing  lenses 
may  l)e  fraught  with  increased  physiologic  action  that  is  detrimental  to 
the  disturbed  physical  material. 

The  far  point  {punctum  remotum)  of  the  emmetropic  eye  is  at 
infinity  (QD)-  The  position  of  the  near  point  {punctum  proximwn) 
varies  with  age  and  accommodation.  A  biconvex  spheric  lens  placed 
before  such  an  eye  will  reduce  the  vision  for  far,  for  the  reason  that 
parallel  rays  will  then  come  to  a  point  in  front  of  the  retina.  To  use 
the  accommodation  under  such  conditions  will  make  vision  worse. 
Rays  coming  from  the  principal  focus  of  a  convex  lens  will  be 
brought  to  a  focus  on  the  retina.  A  biconcave  spheric  lens  placed  in 
front  of  an  emmetropic  eye  will  make  the  rays  divergent  and  will 
blur  far  vision,  except  the  accommodation  be  brought  into  use. 
With  the  accommodation  eliminated  by  a  cycloplegic  (a tropin),  the 
emmetropic  eye  will  have  vision  of  6/6  or  better  for  far,  without 
the  aid  of  a  glass. — (J.  M.  B.)  See,  also,  Refraction  and  accommo- 
dation of  the  eye. 

Emollients.  \n  ophthalmic  therapy  soothing  applications  are  of  con- 
siderable value  both  as  excipients  for  salves,  collyria  and  oily  mix- 
tures and  alone,  as  in  burns,  hyperemia  and  inflammations  of  the 
anterior  bulbar  segment.  Other  non-oily  preparations  have  a  similar 
action.  Among  emollients  may  be  noted  albolene,  sw^eet  oil  of  almonds, 
antipyrine,  cherry-laurel  water,  bitter-almond  water,  belmontin, 
"cocoa"  butter,  carron  oil,  castor  oil,  chamomile,  cod  liver  oil,  cold 
cream,  cosmoline,  quince,  euphrasia,  hamamelis,  hazeline,  milk, 
petrogen,  petrolatum,  plantago,  mucilages,  especially  of  acacia,  traga- 
canth  and  sassafras  i)ith,  starch,  unguentum  simplex,  vaseline,  vasogen 
and  wax. 

Emorragia  dalle  palpebre.    (It.)    Hemorrhage  from  the  lids. 

Emottalmo.     (It.j    Ilemophthalmus,  or  bleeding  into  the  vitreous. 

Empedocles.  An  early  Greek  philosopher  and  speculator  concerning 
the  nature  of  vision  and  light.  A  native  of  Agrigentum,  in  Sicily, 
he  lived,  probably,  from  490  to  430  B.  C.  He  was  the  first  to  describe 
the  universe  as  consisting  of  four  elements :   earth,  air.  fire  and  water 
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— a    doctrine    which    really    constitutes    the    basis    of    the    so-called 
"humoral"  pathology. 

His  explanation  of  the  act  of  vision  was  this:  Li^ht  consists  oC  rays 
which  stream  out  both  from  the  eye  and  the  object.  Tlirough  the 
meeting  of  the  two  kinds  of  rays,  vision  occurs. —  (T.  H.  S.) 

Empfindlichkeit.     (G.)     Sensitiveness. 

Emphlysis.  A  term  applied  by  Good  to  a  genus  of  exanthematous  dis- 
eases that  included  miliaria,  aphthae,  vaccinia,  varicella,  pemphigus, 
and  erysipelas. 

Emphragma  lacrimale.    An  obsolete  name  for  lachrymal  fistula. 

Emphyma.    A  tumor. 

Emphysem  der  Augenhohle.     (G.)     Emphj^sema  of  the  orbit. 

Emphysema  of  the  conjunctiva.  A  collection  of  air  beneath  the 
conjunctiva.  This  accident  results  from  the  same  causes  that  produce 
a  similar  condition  of  the  lids,  viz. :  fracture  of  the  nasal  bones  or  of 
the  walls  of  the  frontal  or  ethmoidal  cells,  or  ulceration  of  the  liones 
leading  to  perforation  of  these  spaces.  It  may  result  from  forcible 
blowing  of  the  nose.  The  swelling  caused  by  emphysema  is  tense, 
elastic,  and  crepitates  on  pressure.  It  may  accompany  ecchymosis  or 
may  exist  alone.  The  proper  treatment  is  the  application  of  a  compress 
bandage.— (J.  M.  B.) 

Emphysema  of  the  cornea.  This  is  an  exceedingly  rare  condition,  and 
few  references  are  made  to  it  in  literature.  However,  C.  Gallenga 
{Klin.  Monatshl.  f.  Augcnh.,  p.  150,  Feb.,  1911),  describes  a  case  of 
corneal   em])liysema    due   to   trauiiuitism. 

Emphysema  of  the  eyelids.  A  collection  of  air  in  the  cellular  tissue 
of  the  eyelids  not  infrequently  follows  a  compound  fracture  of  the 
nasal  bones  or  an  operation  upon  the  lachrymal  canal.  In  either  case, 
the  patient,  by  blowing  the  nose,  forces  air  into  tlie  cellular  tissue. 
There  is  pain,  sudden  and  great  swelling  of  the  lid.  and  aii--tuiiiet'ac- 
tion.  Palpation  gives  a  sense  of  crepitation  and  a  peculiar  soft  feel- 
ing like  that  of  a  feather  bed.  The  air  comes  from  one  or  more  of  the 
adjacent  cavities:  the  nasnl  fossa,  ethmoidal  cavity,  frontal  sinus,  or 
antrum  of  Iligliniore.  Fiiiipliysema  may  follow  the  oi)ei-ation  of  o[)en- 
ing  the  ethmoid  cells.  Douglass  has  recorded  cases  in  which  emi)hysenui 
of  the  upper  lid  followed  an  attempt  to  blow  secretions  from  the  nose, 
in  patients  who  had  suffered  no  operation  or  trauma,  in  these  cases 
thei-e  was  i)ro])ably  a  pathologic  0])ening  lietween  the  ethmoid  cells 
and  the  orbit.  The  prognosis  of  emphysenui  is  favoi-alile.  A  coiii|)i-ess 
bandage  should  be  ai)i)lied. 

A  case  of  enipliNsenia  of  the  lids  following  I'l-ai'tui-e  of  the  iiiiiei- 
wall  of  llic  orhil  from  a  lilow  ol'  the  list  is  also  re|)orte(l  in  the  ()i)li- 
thdhnic  Ixicord,   \'ol.   \' I II .   p.  r)45. 
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Emphysema  of  the  orbit.  Ejipiiysema  orbit.t^].  A  collection  of  air  in 
the  meshes  of  the  url)itiil  tissue,  generally  the  result  of  traumatism 
and  almost  always  aecompaiiied  l)y  emphysema  of  the  lids.  For  ex- 
ample, four  cases  of  air  emphysema  of  orbit,  lids  and  ocular  con- 
junctiva observed  within  a  short  time  are  reported  by  Salus  {Prac- 
tical Medicine  Series,  p.  54,  1910).  In  three  of  these  the  mesial  orbital 
wall  was  injured,  in  the  fourth  the  lower. 

He  believes  emphysema  to  be  due  to  communication  with  the 
ethmoidal  cells  after  lesions  of  their  orbital  wall,  the  lamina  papyracea ; 
with  the  nasal  cavity  in  fractures  of  the  lachrymal  bone ;  the  frontal 
and  maxillary'  sinus  with  their  recessus  in  the  orbital  walls.  By  his 
experiments  on  human  heads  in  the  Anatomical  Institute,  the  writer 
proved  that  the  lamina  papyracea  is  the  place  of  predilection  for 
indirect  fractures  in  traumatism  of  the  orbital  walls.  He  therefore 
thinks  that  the  traumatic  emphysema  with  intact  eyeball  can,  in 
general,  occur  only  by  indirect  fractures. 

C.  S.  Bull  {System  of  Diseases  of  the  Eye,  Vol.  Ill,  p.  20)  says  that 
orbital  emphysema  is  an  important  aid  in  enabling  us  to  diagnose 
direct  fracture  of  the  inner  wall  of  the  orbit,  whether  involving  the 
ethmoid,  the  lachrymal,  or  the  nasal  bones.  It  should  not,  however, 
be  ignored  that  a  communication  between  the  orbit  and  certain  air- 
spaces in  the  skull  may  also  be  caused  by  a  fracture  or  dislocation 
of  the  inferior  or  superior  orbital  walls,  opening,  on  the  one  hand, 
into  the  maxillary  sinus,  and  on  the  other  into  the  frontal  sinus, 
although  both  communicate  indirectly  with  the  sinuses  of  the  nose  and 
ethmoid  cells. 

Emphysema  of  the  orbit  is  usually  associated  with  a  similar  condi- 
tion of  the  eyelids.  The  extravasated  air  generally  comes  from  the 
ethmoid  cells.  The  first  symptom  here  is  exophthalmos,  which  is  in- 
creased by  forced  expiration.  The  protrusion  of  the  eye  is  accom- 
panied by  some  displacement  and  by  some  limitation  in  motility,  as  a 
result  of  the  mechanical  obstruction.  The  exophthalmos  diminishes 
under  direct  pressure  upon  the  eyeball  backward.  The  cause  is  com- 
monly a  severe  injury  which  has  fractured  the  orbital  wall  directly 
or  indirectly,  and  usually  the  inner  wall,  and  which  has  at  the  same 
time  ruptured  or  torn  through  the  periosteum.  Any  forced  expiration 
will  immediately  drive  the  air  through  the  fracture  into  the  orbital 
tissue,  and  even  in  ordinaiy  respiration  some  air  is  certain  to  pass 
into  the  orbit.  In  the  cases  reported,  where  emphysema  of  the  orbit 
occurred  during  violent  coughing  or  sneezing,  without  any  preceding 
injury,  the  probable  explanation  is  that  some  loss  of  continuity  of  the 
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bony  wall  had  always  existed,  and  the  first  unusually  violent  expira- 
tory effort  produced  the  emphysema. 

The  prognosis  is  always  good,  and  the  treatment  consists  in  the 
careful  avoidance  of  any  violent  expiration  and  the  application  of  a 
light  pressure-bandage. 

Empirical.  Empiristic.  Empiric.  Derived  from  experience  only,  or 
from  experiment  only ;  depending  upon  or  derived  from  the  observa- 
tion of  phenomena. 

Empiricism.  Empirism.  The  empirical  or  purely  experimental  method. 
Tlie  practice  of  an  emi)irie  or  charlatan,  not  based  on  scientific  data. 

Empiricism  in  ophthalmic  practice.  See  Charlatan;  as  well  as  History 
of  ophthalmology. 

Employees,  soldiers  and  sailors,  Examination  of  the  eyes  of.  See 
Eyes,  Examination  of  in  commerce  and  public  service. 

Empoisonnement.     (F.)     Poisoning. 

Empreinte.  (F.)  Kidge  or  margin.  A  rough  surface  on  a  bone  for 
the  attachment  of  muscles. 

Empyema.  A  collection  of  pus  in  a  natural  closed  cavity,  e.  g.,  in  the 
antrum  of  Highmore.  The  name  w^as  anciently  used  by  Hippocrates 
to  signify  a  suppuration ;  by  Galen  to  mean  an  internal  abscess. 
The  ophthalmic  relations  of  empyema  of  the  neighboring  cavities 
are  fully  discussed  in  Vol  III,  p.  1810,  of  this  Encyclopedia.  They 
are  also  considered  under  a  number  of  headings  beginning  with  Em- 
pyema. 

Empyema  of  the  frontal  sinus.  This  subject,  including  the  rliinological 
and  ocnhir  treatment,  is  discussed  under  the  caption  Cavities,  Neigh- 
boring, Ocular  relations  of. 

In  a  case  operated  upon  by  Knapp  {Arch,  of  Oplith.,  ]\Iarch,  1909), 
the  bony  cerebral  wall  of  the  frontal  sinus  was  absent,  the  thickened 
membrane  lining  the  cavity  being  directly  adherent  to  the  dura.  The 
anterior  bony  wall  was  also  greatly  thinned,  consisting  in  places  of 
only  the  vitreous  plate. 

Empyema  of  the  malar  antrum.  A  collection  of  pus  or  muco-pus  in  the 
maxillary  antrum  is  well  known  to  be  a  cause  of  eye  symptoms. 
For  a  discussion  of  this  subject  the  reader  is  referred  to  Vol.  Ill, 
p.  1810  of  this  Encyclopedia,  Cavities,  Neighboring,  Ocular  rela- 
tions of. 

Empyema  of  the  orbit.  I'us  may  form  in  the  orbital  cavity  as  a  result 
of  direct  infection,  as  in  cellulitis  of  various  origins,  or  from  the  iii- 
ruption  of  purulent  collections  from  the  n<'igli])oriiig  cavities.  The 
treatment  of  such  cases  resolves  itself  mainly  into  the  removal  of  the 
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cause,  with  prompt  operation  on  the  diseased  siuuses.  See  Vol.  Ill,  p. 
1810,  of  this  EncycJopcdia. 

Empyema  of  the  sphenoidal  sinuses.  This  subject  in  its  ophthalmic 
relations  is  discussed  in  Vol.  ill,  j).  1810,  of  this  Encyclopedia.  It 
may  be  added  that  a  typical  example  of  a  serious  case  is  described 
in  the  Ophthalmic  Record,  Vol.  VI,  p.  346,  in  which  the  symptoms 
w^re  chiefly  marked  exophthalmus  and  divergence  of  the  eye  on  the 
affected  side.  There  was  also  extensive  edema  of  the  face  and  neck. 
Death  followed  and  the  autopsy  disclosed  a  hitherto  unrecognized 
empyema   of  the  right  sphenoidal  sinus. 

Empyesis  oculi.      (L.)     An  obsolete  synon.ym  of  hypopyon. 

Emulsa.    See  Emulsions. 

Emulsions.  Emulsa.  Emulsiones.  In  pJiotography,  a  term  applied 
to  a  mechanical  mixture  of  a  sensitive  salt  of  silver  very  finely  divided. 
In  pharmacology,  emulsions  are  liquid  preparations  in  which  oils 
or  resins  are  suspended  in  water  by  means  of  a  mucilaginous  sub- 
stance. Acacia,  mucilage  of  acacia,  mucilage  of  tragacanth  and 
yolk  of  eggs  are  the  substances  most  frequently  employed,  although 
solutions  of  potassa  and  of  pancreatin  aid  in  the  emulsification  of 
oils  and  often  enter  into  the  formul.'e  for  emulsions.  Schnaudigel 
{Miinch.  Med.  Wochenschr.  LVIII,  p.  164)  describes  the  use  in 
ophthalmology  of  the  well  known  "bacillaiy  emulsion,"  Koch.  See 
Tuberculin. 

EnaUochrome.  (F.)  Bicolorin.  A  wdiite  powder,  from  the  bark  of 
Escidus  hippocastanum,  employed  as  a  test,  like  fluorescein. 

Encanthis.  (L.)  A  small  tumor  or  excrescence  growing  from  the 
inner  angle  of  the  eye.  This  term  is  also  applied  to  a  simple,  inflam- 
matory hypertrophy  of  the  caruncle.  It  is  sometimes  attended  by 
infection  and  swelling  of  the  sebaceous  glands,  and  may  lead  to 
suppuration,  in  which  ease  the  small  abscess  should  be  opened.  See, 
also.  Vol.  11,  p.  1432,  of  this  Encyclopedia. 

Encanthis  benigna.  (L.)  A  simple  inflammatory  swelling  of  the 
caruncle,  which  usually  starts  from  the  plica  semilunaris.  It  is  com- 
mon in  all  acute  cases  of  catarrhal  conjunctivitis. 

Encanthis  calculosa.  (L.)  The  formation  of  masses  of  concretion  in 
the  glands  of  the  caruncle,  causing  irritation  and  swelling  of  the 
caruncle. 

Encanthis  carcinomatosa.  (L.)  Cancerous  degeneration  or  disease  of 
the  lachrymal  caruncle  and  the  surrounding  tissues  at  the  internal 
canthus. 

Encanthis  fungosa.  (L.)  Cancerous  degeneration  or  disease  of  the 
lachrymal  caruncle. 
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Encanthis  inflammatoria.  {Ij.)  A  simple  intlamuiatory  swelling  of 
the  eaniiirle,  which  usually  starts  from  the  plica  semilunaris.  It  is 
common  in  all  acute  eases  of  catarrhal  conjunctivitis. 

Encanthis  maligna.  (L.)  ^Malignant  degeneration  or  disease  of  the 
lachrymal  caruncle. 

Encanthis  scirrhosa.     (L.)    Same  as  Encanthis  carcinomatosa. 

Encanthoschisis.  By  this  term  Ilirseh  [Klin.  Monaishl.  fiir  Augenhcilh., 
July,  l!)r2)  designates  a  splitting  of  the  caruncle  which  he  saw  in 
two  individuals,  and  suggests  the  term  as  descriptive  of  the  anomaly. 
He  believes  that  the  widely  accepted  theory  of  Van  Duyse,  according 
to  which  congenital  defects  al)Out  the  lids  are  due  to  amniotic  strands 
which  cross  the  vicinity  of  the  eyes  and  become  entangled  about  the 
lids,  probably  explains  this  interesting  and  apparently  rare  condition. 

Encausis.     (L.)     Burning,  cauterization. 

Encephalitis.  Acute  hemorrhagic  encephalitis.  Polioencephalitis 
SUPERIOR  AND  INFERIOR.  According  to  D'Orsay  Hecht  (Wood's  System 
of  Ophthalmic  Therapeutics,  p.  305)  this  is  an  acute  inflammatory 
process,  cjuite  invariably  of  infectious  origin,  occurring  mostly  in  chil- 
dren, but  in  adults  as  well,  and  confined,  as  a  rule,  to  a  single  small 
area  in  the  brain,  perhaps  pin-point  in  size,  or  multiple  and  dis- 
seminated. AVhether  of  the  acute  hemorrhagic  variety  affecting  chil- 
dren, or  in  the  alcoholic  type  of  Wernicke,  occurring  in  adults,  a 
partial  or  complete  ophthalmoplegia  is  the  symptom  of  first  im|)ortance, 
and  optic  neuritis  is  often  noted. 

There  can  be  no  rational  prevention  since  the  acute  infectious, 
toxemias  and  exanthemata  overtake  the  patient  suddenly  and  are  not 
amenable  to  abortive  measures,  'riincly  abstinence  is  good  advice, 
when  chronic  alcoholism  is  the  cause. 

The  treatment  during  the  acute  febrile  stage  is  entirely  sym])toin- 
atie,  with  the  same  regard  shown  for  absolute  (juiet,  rest,  elevation  of 
the  head,  as  obtains  in  ])rain  hemorrhage. 

Cerebral  irritability,  restlessness  and  headache  arc  best  relieved  l)y 
the  ice-caj),  cool  sponges  or  small  dosi  s  of  phciiacet  inc.  (|uiniMe  or 
the  salicylates.  Active  catharsis  is  desirable  from  th(^  very  lime  of 
onset.  The  use  of  unguentutn  Crede  (grs.  xv  to  .li)  seems  indicated  in 
these  cases,  and  is  surely  worthy  of  trial.  Collargol,  another  col- 
loidal silver  preparation,  has  received  both  attenlion  and  Mckno\vh(ig- 
meiit  in  this  disease.  It  may  be  given  per  i-cctum  in  solnlioii  oi-  in- 
travenously 3  to  T)  c.c.  of  a  2  per  cent,  .solution  for  as  numy  consecutive 
doses  as  there  is  <lcinand.  The  injection  is  j)aitdess  and  its  effect  is 
good,  i-'of  the  dcliriiiiii.  wiiich  is  likely  to  In  mai'k'ed  and  sometimes 
associated  with  convulsions,  niorpliine.  opium  .lud  the  milder  sonmira- 
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cieiits,  such  as  veronal,  trional,  sulphoiial  and  ehloralamid,  are  indi- 
cated. In  adults  suffering  from  the  alcoholic  type,  the  best  combatant 
of  delirium,  especially  in  young,  robust  individuals  with  marked  motor 
restlessness,  is  hyoscine  hydrobromate,  gr.  1-150  to  gr.  1-50,  given 
hypodermatically,  and  the  writer  has  frequently  seen  its  narcotic 
effect  greatly  enhanced  by  the  addition  of  morphine  sulphate,  gr.  i^ 
to  gr.  1/4.  It  must  not  be  repeated  often  and  its  failure  to  act  at  all 
in  some  cases  must  be  understood.  Opium  should  be  given  only  as  a 
last  resort,  and  not  at  all  when  arterio-sclerosis  is  noted.  Alcoholic 
stimulation  in  these  cases  should  not  be  entirely  withdrawn,  and  gen- 
eral stimulants  are  of  use  as  urgent  symptoms  arise. 

The  convalescence  calls  for  such  general  measures  as  are  serviceable 
in  apoplexy.  Electricity  is  of  use  in  the  chronic  stage.  It  has  been 
customary  to  advocate  mercurial  inunctions  and  iodides  for  the  remain- 
ing focal  symptoms,  but  their  administration  is  of  very  doubtful  value. 
Encephalocele.  Cephalocele.  This  is  the  term  applied  by  Berlin  to 
cysts  invading  the  orbit  secondarily.  These  tumors  are  located  at  the 
root  of  the  nose  and  extend  to  the  orbit,  nasal  cavities,  or  brow.  As 
a  rule  they  are  present  at  the  nasal  side  of  the  orbit,  and  are  trans- 
parent and  fluctuating.  Evacuation  of  a  cephalocele  is  often  sufficient 
to  cure  it,  provided  the  cystic  cavity  is  afterwards  irrigated  with  an 
antiseptic,  astringent  lotion. 

Encephalocele  is  really  a  prolapse,  or  hernia,  of  the  meninges  with 
cerebro-spinal  fluid  contents,  including  brain-substance  prolapsing 
within  the  meningeal  sac  through  an  opening  in  the  skull  wall.  The 
bony  defect  is  generally  in  the  line  of  a  suture.  It  may  involve  the 
junction  of  the  ethmoid  and  the  frontal  bone,  the  tumor  then  pre- 
senting at  the  upper-inner  orbital  angle.  Very  rarely  a  posterior 
orbital  meningocele,  or  encephalocele,  presents  near  the  apex  of  the 
orbit.  Its  diagnosis  without  exploratory  operation  is  impossible.  The 
following  points  must  be  observed :  Meningocele  and  encephalocele  are 
often  reducible,  and  after  reduction  the  bony  margin  of  the  aperture 
through  which  they  came  can  be  felt.  Pulsation  and  hemic  sounds 
can  be  elicited.  The  size  and  tension  of  these  protrusions  are  variable, 
depending  upon  varying  blood-pressure  within  the  cranium.  A  der- 
moid cyst  will  present  none  of  these  phenomena.  A  meningocele  may 
become  constricted  and  its  neck  obliterated,  leaving  a  complete  cyst 
with  cerebral  fluid  contents  within  the  orbit. 

Although  Berlin  in  1880  (Wood's  System  of  Ophthalmic  Opera- 
tions, Vol.  1,  p.  844)  placed  these  tumors  of  the  orbit  among  inoperable 
growths,  yet  improvement  in  the  technique,  and  particularly  the 
observance  of  aseptic  precautions,  have  brought  surgical  intervention 
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in  their  behalf  within  the  province  of  the  operator.  We  are  mostly 
interested  in  sincipital  tnniors  and  the  removal  of  the  whole  sac  with 
its  contents  has  been  recommended  hy  Bergmann. 

Naso-orbital  encephaloceles,  including  encephalocelc  and  hydren- 
cephalocele,  are  the  commonest  variety  with  which  the  ophthalmologist 
has  to  deal,  although  the  prognosis  in  both  instances  is  by  no  means 
encouraging. 

In  dealing  with  small  encephaloceles  an  incision  is  made  through 
the  skin  and  muscular  coverings  at  the  most  prominent  part  of  the 
tumor,  or  if  that  is  undesirable  owing  to  degenerative  changes,  the 
opening  may  be  made  elsewhere.  The  sac  is  generally  of  a  transparent, 
scar-like  quality  and  is  often  the  seat  of  vascular  changes,  like  a  telan- 
giectatic angioma.  The  meningeal  coverings  are  wanting  in  some 
cases  so  that  the  tumor  is  in  direct  contact  with  the  brain  substances. 
The  encephalocelc  is,  as  a  rule,  easily  separated  from  the  surround- 
ing tissues  back  to  its  pedicle  which,  after  ligation  with  catgut,  is  cut 
through  close  to  the  bony  foramen,  the  tumor  removed,  the  skin 
wound  sutured  and  an  antiseptic  dressing  applied. 

Large-sized  encephaloceles  require  an  extensive  procedure.  Two 
semi-circular  skin  flaps  are  fashioned  at  the  base  of  the  tumor  to  cover 
the  defect  caused  by  its  removal.  These  are  turned  back,  the  pedicle 
exposed  and  cut  off  2  or  3  cm.  from  the  bone.  The  borders  of  the 
sac  are  stitched  to  the  opening  in  the  cranial  cavity  and  it  is  often 
necessary  to  reinforce  this  covering  by  a  second  one.  In  this  opera- 
tion protruding  brain  matter  involved  in  the  tumor  should  be  removed 
with  it. 

Elschnig  remarks  that  the  operation  is  contra-indicated  in  ab- 
normally small  skulls — "frog-head:"  in  marked  hydrocephalus,  and  in 
complications  with  other  malformations  that  threaten  the  life  of  the 
child. 

An  instructive  case  of  fibro-gliomatous  eneephalocele  is  described 
by  Comninos  (Arch.  d'Ophtal.,  XXXI,  p.  177,  1911). 

Encephalo-oculaire.     (F.)     Pertaining  to  the  brain  and  to  the  eye. 

Encephalopathy,  Lead.  Saturnism.  Lead  poisoning  affecting  the 
brain  or  oilier  portions  of  the  nervous  api)aratus.  See  Toxic  am- 
blyopia. 

Encephaloscopy.  Cranioscopy.  Cerebroscopy.  The  art  or  jn-ocess  of 
cxatiiiiiiiig  tlic  brain,  as  by  examining  the  fundus  oculi,  l)y  applying 
a  (lillVrcntial  calorimeter,  X-i*ay,  etc. 

Enchondroma.  Cartilaginous  tumor.  Chondroma.  New  growths 
composed  partly  or  wholly  of  cartilage  occasionally  alTcct  the  eye; 
among  them  encliondroma  of  llic   lids  occui's  as  our  <>t'  llic  rarest 
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m'oplasins.  Tlu'  coiiimoiu'st  form  is  that  ali'cctinij  the  oi-bit,  a  brief 
account  of  which  will  be  found  under  the  heading  Chrondoma  of  the 
orbit.    See,  also,  a  more  complete  account  under  Tumors  of  the  eye. 

Enchymatism.     Instillation ;  infusion. 

Encolor.    To  color. 

Encre.     (F.)     Ink. 

Endanastomose.     (G.)     A  terminal  anastomosis. 

Endangium.     The  intima  or  lining  coat  of  a  blood-vessel. 

Endartere.     (F.)     The  internal  coat  of  an  artery;  the  intima. 

Endarteritis.  Inflammation  of  the  intima,  or  innermost  coat  of  an 
artery.  The  acute  form  is  rare,  and  only  occurs  in  the  aorta  and  the 
larger  arteries.  Ulceration  is  very  rarely  present.  The  chronic  form, 
also  named  atheroma,  and  arteritis  deformans,  is  a  peculiar  change  or 
degeneration  occurring  in  the  arterial  coats  of  the  aged,  and  is  pre- 
ceded by  a  fatty  degeneration  of  the  tissues  of  the  arteries.  Syphilis 
is  supposed  to  play  an  important  part  in  the  production  of  this  con- 
dition. The  immediate  cause,  however,  is  mechanical  irritation  due 
to  the  force  of  the  circulation.  The  fatty  debris  and  the  cholesterin 
that  are  formed  during  the  degenerative  process  accumulate  in  spaces 
beneath  the  intima  and  constitute  the  so-called  atheromatous  abscesses. 
The  so-called  atheromatous  ulcer  is  formed  by  one  of  these  ab- 
scesses breaking  through  the  intima.  The  sequels  of  atheromatous 
degeneration  are  very  grave.  Aneurysm,  thrombosis,  embolism,  and 
apoplexy  frequently  result,  and  lience  the  ultimate  prognosis  is  bad. 
(Gould.)  See,  also.  Arteriosclerosis,  p.  612,  Vol.  I  of  this  Encyclo- 
pedia. 

Endarteritis  deformans.  A  term  applied  to  arteriosclerosis,  often  to 
the  cerebral  form  of  the  disease.  Hecht  (Wood's  ^System  of  Oph- 
thalmic Therapeutics,  p.  299)  says  of  this  serious  affection,  which  is 
sometimes  responsible  for  ocular  lesions,  that  an  endarteritis  may  cause 
thrombosis  and  end)olism  and  finally,  by  dilatation  and  weakness  of 
the  vessel  wall,  rupture  and  hemorrhage.  In  either  instance  disin- 
tegration of  brain  tis.sue  ensues,  with  corresponding  arrest  of  cerebral 
function. 

The  visual  apparatus  is  not  exempt  from  the  influence  of  athero- 
matous changes  and  sclerotic  processes  occurring  in  the  brain.  The 
optic  chiasm  and  optic  nerve  undergo  changes  evidenced  clinically  in 
hemianopsia  and  atrophy.  In  some  cases  of  general  arterio-sclerosis 
the  ophthalmoscope  reveals  sclerotic  changes  on  the  retinal  arteries. 
Pupillary  anomalies  are  observed. 

Arterio-sclerosis,  when  more  or  less  general,  lends  itself  to  treat- 
ment with  difficulty  unless  the  many  irritative  conditions  underlying 
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and  respoiisil)le  Tor  the  vascular  eliaiigvs  are  well  taken  into  aeeount. 
Interstitial  nephritis,  diabetes,  the  various  diatheses,  of  which  gout, 
rheumatism  and  arthritis  are  the  most  important,  the  acute  infec- 
tious diseases,  infections  and  poisoning  from  lead,  should  receive  early 
and  proper  treatment,  and  so  delay  the  appearance  of  arterial  changes. 

Since  chronic  alcoholism  is  said  to  cause  twenty-five  per  cent,  of 
the  cases,  sjiirits  or  alcohol  in  any  form  should  be  used  in  greatest 
moderation,  or.  lietter  still,  absolutely  interdicted.  As  one  writer  has 
aptly  put  it,  ''Could  we  ensure  everybody  against  excessive  bodily  and 
mental  strain,  we  should  go  far  to  obviate  arterial  changes  and  their 
allies,  concomitants  and  results."  All  observers  are  agreed  in  empha- 
sizing the  dangers  of  the  "strenuous  life"  as  causative  of  vascvilar 
change  and  disturbance,  and  yet  much,  if  not  all,  such  advice  is  met  by 
the  laymen  with  stolid  inditference  and  utter  disregard.  The  de- 
mands of  modern  methods  of  business  and  living  are  naturally  op- 
posed to  the  forms  of  restraint  and  reserve  encouraged  by  the  doctrin- 
aires of  the  simple  life.  IModeration  in  all  things,  food,  drink,  work 
and  play,  is  ol)served  in  the  breach  but  not  in  the  practice,  and  little 
is  to  be  gained  for  the  patient  by  the  insistence  of  preventive  measures 
until  our  modern  institutions  of  industry  and  society  shall  have  under- 
gone some  radical  and  far-reaching  reforms.  Suffice  it  to  say  that 
in  the  reduction  of  excesses  of  all  kinds  we  have  the  first  solution  of 
propliylaxis  against  inelastic  arteries  and  insufficient  vascularity  of 
the  body  tissues. 

A  person  suffering  from  beginning  endarteritis  should  be  made 
to  understand  and  value  the  importance  of  regular  habits  of  living. 
Moderate  exercise  is  desirable,  but  never  to  a  point  of  fatigue,  profuse 
sweating  or  cardiac  palpitation.  Walking  and  golf  are  pro])ably  the 
most  desirable  of  the  outdoor  activities,  to  be  supplemented  by  morn- 
ing and  evening  indoor  calisthenics.  Gymnastics  are  too  active,  and 
by  that  same  token  tennis  and  rowing  are  to  be  interdicted.  Ev(>ry 
sudden  exertion,  even  when  not  violent,  should  be  guai'ded  against. 
Obesity,  whenever  a  factor,  i-e(|uires  special  instruction  as  to  exercise, 
while  localized  massage  to  the  abdomen  or  other  |)arts  should  prove 
of  additional  value.  Tlie  cold  morning  phmge,  attended  as  it  in- 
variably is  wiUi  sudden  shock  to  the  circulation,  is  to  be  avoided,  and 
the  hot  batli  as  well.  Tepid  bathing  in  water  I'anging  from  !)2  to  i)8 
degrees  Falir.,  is  desirahh'.  The  special  Xauheini  l)aths  are  indicated 
except  where  there  is  reason  to  l)elieve  Ihat  the  cei-cbral  vessels  are 
badly  sclerosed  ;ind  the  blood  pressure  is  low. 

A  diet  should  lie  preseiilied  in  accordance  with  the  needs  of  the 
indi\idu;il.     'I'lie  food  should  lie  simple,  nonirritat  ing,  easily  digested, 
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mitritioiis  and  taken  in  sncli  amount  and  at  sneh  regular  intervals  as 
to  preelude  g-astro-intestiiial  rerinentation  and  distress.  There  has  been 
some  question  as  to  the  admission  of  nitrogenous  values  in  the  dietary. 
A  vegetarian  meal,  with  white  nunits,  is  preferred,  but  red  meats  are 
to  be  oceasionally  allowed.  Eggs  are  permitted,  and  milk  taken 
daily  in  large  quantities,  as  recommended  by  Huehard,  has  found 
favor  with  Oppenheim  and  others.  Condiments  and  strong  coffee  are 
harmful  and  should  be  dispensed  with. 

The  feasibility  of  a  routine  administration  of  iodides  as  first  advo- 
cated by  Huehard,  although  questioned  by  some  authorities,  has,  on 
the  whole,  met  with  favor.  That  iodine  preparations  materially  in- 
fluence endarteritis  of  other  than  luetic  origin  is  doubted,  and  yet 
there  are  those  who  continue  to  be  impressed  by  their  action  on  any 
and  all  exudative  and  connective  tissue  processes.  Hence  the  use  of 
potassium  or  sodium  iodide  in  small  doses  for  a  protracted  period  of 
time  in  every  case  of  arterio-sclerosis.  Huehard  has  advised  doses 
of  from  fifteen  to  forty-five  grains,  given  daily  for  twenty  days,  to  be 
followed  after  a  free  interval  of  ten  days  by  appropriate  doses  of 
nitroglycerine.  When  atheromatous  degeneration  is  of  known  syphi- 
litic origin,  there  can  be  little  or  no  question  as  to  the  expediency  of 
an  early  and  thorough  exhibition  of  the  iodides  in  some  form. 

The  nitrites  (sodium  nitrite  in  solution,  gr.  %  to  the  teaspoonful) 
taken  after  meals  more  or  less  continuously  have  proven  efficient  in  re- 
lieving high  arterial  tension.  In  more  urgent  instances  nitroglycerine 
or  its  derivatives  may  be  administered  in  doses  of  from  gr.  1-100  to  gr. 
1-50,  three  to  four  times  daily.  Erythroltetranitrite  (Merck.),  in  pill 
or  tablet  form  (gr.  i/o  to  gr.  1)  is  said  to  be  more  prolonged  in  its  effect 
than  nitroglycerine. 

Cardiac  tonics  are  directly  injurious,  and  therefore  contraindicated. 
]\Iorphine  in  small  doses  is  a  valuable  nerve  sedative  and  cardiant. 

Due   observance  of  these  precautionary  and  palliative  measures 
should  check  the  tendency  of  sclerosed  vessels  to  progress  to  the  point 
of  obliteration  or  rupture. 
Endarteritis  productiva.    A  synonym  of  arteriosclerosis  (q.  v.),  often 

applied  to  the  cerebral  form. 
Endartery.     (G.)     A  term  applied  by  Cohnheim  to  an  arteriole  that 
terminates   directly   in   capillaries   without   anastomosing  with   other 
arterioles.     A  well-known  example  of  these  vessels  is  found  in  the 
terminal  branches  of  the  central  retinal  artery. 
Endast.     (G.)     A  terminal  branch. 

End-bulb.     According  to  Foster  this  term  is  generally  applied  to  the 
expanded   termination   of   a  sensory   nerve ;   an   ovoid   or   mulberry- 
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shaped  body  with  a  central  core  (composed  mostly  of  nucleated  cor- 
puscles and  a  connective-tissue  sheath)  in  which  a  medullated  nerve- 
fibre  has  a  knob-shaped  termination.  The  end-bulbs  are  considered 
intermediate  between  the  Pacinian  and  the  tactile  corpuscles.  They 
have  been  found  in  various  parts  of  the  body,  and  have  been  named 
from  their  form  (e.  g.,  spherical  or  cylindrical  end-bulbs)  or  from 
their  situation   (e.  g.,  corneal,  articular,  or  tendon  end-bulbs). 

Endeixis.    A  symptom  ;  sign ;  indication  of  disease. 

Endermie.  (F.)  The  introduction  of  medicinal  substances  through 
the  skin  by  absorption. 

Endigung.     (G.)     A  termination ;  ending. 

Endocarditis.  Lesions  of  the  endocardium  may  be  a  cause  of  embolic 
processes  of  the  intraocular  vessels.  Other  eye  diseases  may  have  the 
same  etiology.  For  example:  Falconer  {Quart.  Jour.  Med.,  p.  217, 
Jan.,  1911)  reports  five  cases  of  septic  endocarditis  in  all  of  w-liich 
there  was  definite  optic  neuritis  in  the  two  eyes,  where  an  examina- 
tion of  both  eyes  was  possible.  In  only  one  were  there  signs  of  gross 
brain  lesion.  In  four  there  were  repeated  retinal  hemorrhages.  The 
case  in  which  they  were  not  noted  was  one  examined  four  days 
before  death.  In  the  absence  of  autopsy  it  was  impossible  to  state 
that  there  was  no  local  cause  for  the  optic  neuritis,  but  there  ap- 
peared to  be  nothing  to  suggest  it.  The  significance  of  the  ocular 
findings  lies  in  tlie  hint  tliat  they  give  that  the  condition  is  more 
serious  than  may  be  at  first  apparent. 

Endocular.    Intraocular. 

Endodiascopy.  Bouchacourt's  (1898)  method  of  exploration  charac- 
terized by  the  introduction  of  a  Crookes  tube  into  a  natural  body- 
cavity  in  order  to  obtain  either  a  skiagraph  or  a  skiascope.     (Gould.) 

Endogenous  ophthalmitis.  This  is  a  term  sometimes  applied  to 
metastatic  choroiditis.     See  p.  2146,  Vol.  Ill,  of  this  Encyclopedia. 

Endomersion  objective.  A  combination  of  lenses  in  contact  with  one 
aiiotlicr.  the  cciiti-al  element  being  a  liquid. 

Endometritis,  Ocular  relations  of.  This  disease,  especially  the  markedly 
septic  variety,  lias  been  i|uotc(l  as  an  occasional  focus  of  endogenous 
ocular  infection. 

Endophthalmitis.    Intraocular  inflammation. 

End-organ.  The  special  structure  in  whicli  nerve-dbres  terminate  at 
the  |)efii)hery,  e.  'j;.,  tlie  red-,  blue-  and  ^■reeii-sensitive  end-organs  of 
tile  j'etina. 

Endormie.      (F.)      Datura  stramonium. 

Endoscope.  Kntoscopi-:.  An  instrument  for  the  optical  examiiiation  of 
a  body-cavity  through  its  natural  outlet. 
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Endothelioma  of  the  ocular  apparatus.  This  malignant  neoplasm  of 
the  sareoma  tyi)e  genei'ally  affects  tlie  orbital  tissues,  although  there 
are  few  ocular  organs  that  are  exempt  from  its  ravages.  Parsons,  in 
describing  these  tumors  of  the  eyelids,  says  that  they  "start  in  the 
endothelium  of  the  blood  or  lymphatic  vessels.  There  can  be  no  doubt 
that  such  tumors  form  an  important  class,  and.  when  typical,  are  not 
ditScult  to  differentiate  from  other  sarcomata  or  from  epitheliomata. 
On  the  other  hand,  endothelial  proliferation  is  common  in  many 
tumors  and  granulomata,  whilst  the  endothelium  in  many  en- 
dotheliomata  is  said  to  so  alter  that  the  cells  become  spindle-shaped, 
asteroid,  etc.,  and  they  cannot  be  distinguished  from  embryonic  con- 
nective-tissue cells.  How  far  this  is  true  may  be  held  open  to  doubt 
in  the  present  state  of  knowledge.  1  consider  that  the  term  en- 
dothelioma is  useful  where  the  origin  from  endothelium  can  be  demon- 
strated or  is  reasonably  probable ;  but  where  great  metaplasia,  or 
change  in  the  form  of  the  cells,  is  supposed  to  have  occurred,  result- 
ing in  atypical  forms,  I  think  the  term  is  better  avoided,  the  growths 
being  called  sarcomata,  according  to  the  old  nomenclature.  Only  a 
false  idea  of  certitude  is  arrived  at  by  dogmatic  nomenclature,  and 
the  effect  is  to  retard  precise  knowledge.  Hinsberg  considered  four 
out  of  eight  epitheliomata  of  the  lid  to  be  endotheliomata,  and  Gins- 
berg three  out  of  six ;  these  are  probably  examples  of  enthusiasm  out- 
running discretion. ' ' 

Of  endothelioma  of  the  orbit  KufSer  {Bericht  der  Oph.  Gesell,  1911) 
remarks  on  the  scantiness  of  authoritative  pronouncements  on  the 
nature  of  endothelioma. 

He'  remarks  a  connective  tissue  stroma  consisting  of  homogeneous 
fibres,  in  places  undergoing  hyaline  degeneration;  enclosed  in  the 
stroma  are  masses  of  cells,  some  of  them  irregular,  others  arranged 
in  star-like  fashion  or  as  a  network  of  anastomosing  columns  with 
sinus-like  enlargements  at  the  junctions.  AVhere  a  muscle  is  invaded 
by  the  tumor  the  spaces  between  the  muscle  fibres  are  occupied  by 
a  single  or  double  layer  of  flattened  cells  forming  a  fine  network 
around  them  and  at  a  later  stage  involving  their  degeneration.  Fatty 
tissue  shows  a  similar  method  of  invasion.  Whether  these  cell  columns 
are  derived  from  the  endothelial  lining  of  the  lymph  spaces,  or 
whether  they  advance  from  a  primary  focus  into  pre-formed  spaces, 
must  be  left  an  open  question,  but  in  either  case  the  mode  of  growth 
is  in  contrast  with  the  compact  advance  of  a  carcinoma  or  sarcoma. 
The  forms  of  the  cells  themselves  are  various.  In  the  cell  columns 
just  mentioned  the  inner  layers  are  often  fiat,  the  external  ones  more 
culiical.     In  the  irregular  masses  of  cells  spindle  cells,  round  cells  and 
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all  kinds  of  intermediate  forms  are  found.  In  several  places  epithe- 
lium-like cells  are  arranged  in  concentric  layers  but  nowhere  are  there 
any  honn-  cells  or  prickle  cells. 

The  writer  considers  that  the  most  probable  source  of  his  tumor 
was  the  dura  matei"  in  the  region  of  the  optic  canal  and  supra-orbital 
fissure.  As  characteristic  marks  of  endothelioma  he  puts  the  follow- 
ing. Malignity  of  the  tumor  along  with  small  tendency  to  metastasis 
and  strong  tendency  to  local  recurrence.  Polymorphism  of  the  tumor 
elements.  Apparent  connection  of  the  tumor  cells  with  the  endothelium 
or  perithelium  of  blood  or  lymph  vessels,  or  with  the  lining  of  lymph 
spaces.  An  alveolar  or  tul)ular  structure.  Hyaline  degeneration. 
Concentrically  arranged  epithelioid  cells  without  horny  cells  or 
prickle  cells. 

The  whole  suli.ject  of  endothelioma  of  the  eye  will  be  completely 
treated  under  the  major  heading  Tumors  of  the  ocular  apparatus. 

Endothelium.  This  term  Avas  applied  in  186G  l)y  liis  to  a  single  layer 
of  flattened  cells  joined  edge  to  edge  to  form  a  covering  for  the 
free  surface  of  serous  membranes,  for  the  cavities  of  the  heart  and 
blood-vessels,  and,  in  general,  for  any  free  surface  excluded  from 
contact  with  air,  the  anterior  chamber,  for  example.    See  Cornea. 

End-pieces.  The  parts  to  which  the  temples  are  attached  in  rimless 
spectaele  mountings;  tlicy  include  the  straps  which  are  really  a  part 
of  them. 

End-plate.  The  termination  of  a  motor  nerve-fibre  in  a  striated  mus- 
cular fil)re. 

Enduit.     (F.)     Coating:  layer. 

Endurcissement.     (F.)     Hardening. 

En  echelle.      ( V.  i     Disposed  like  the  steps  of  a  ladder. 

Enelpidis  collyrium.  (L.)  An  ancient  collyrium  containing  castor, 
lycium,  iiard,  opium,  saffron,  niyi-rli,  aloes,  copper  scale  calamine, 
antimony,  juice  of  acacia  and  gum. 

Energy  and  the  eye.  Perhaps  no  su])ject  in  physiological  ()i)tics  has 
been  more  misunderstood  and  less  thoroughly  studied  than  the  actual 
effect  of  radiations  received  by  the  eye.  A  great  deal  of  labor,  in  no 
small  degree  useless,  has  been  expended  on  the  subject  without  reach- 
ing conclusions  of  final  value.  The  weak  point  of  investigation  has 
nearly  always  been  the  utter  absence  of  any  (|uautifative  data.  An 
experi)nen1er  iiiids  that  some  kind  of  enei'gy,  heat  cnei'gy,  strictly 
luminous  eiiei'g_\-  or  ultra-violet  energy,  does  or  does  not  i)i-oduce  ce)-- 
tain  effecfs  on  the  eye.  imd  ininiediately  proclaims  the  fact  entirely 
re^arclless  of  the  actual  (piantity  ol'  eiiergj'  responsihlc  for  the  result 
or  lack  ol'  it. 
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M.  Lut'kiesh  (Elcclrical  World,  Oct.  25,  l!)i;J)  takes  up  the  question 
of  the  possible  effect  on  the  eye  of  the  absorption  of  energy,  chiefly 
other  than  huninons.  With  most  artificial  illuminants,  at  least  those 
giving  continuous  spectra,  by  far  the  greater  part  of  the  radiation  is 
in  the  infra-red  invisible  portion  of  the  spectrum.  Hence  the  possible 
effect  of  infra-red  radiation  and  its  absorj)tion  by  the  media  of  the 
eye  may  have  importance. 

An  often-quoted  statement  of  C.  P.  Steinmetz  as  to  the  importance 
of  energy  effect  of  this  sort  has  served  to  direct  attention  to  the  subject, 
although  as  a  matter  of  fact  there  is  not  one  bit  of  practical  experi- 
mental evidence  one  way  or  the  other  connecting  this  energy  effect 
with  eye-strain  or  irritation.  The  cause  of  the  ordinary  eye-strain  in 
poor  natural  or  artificial  illumination  is  very  far  from  being  really 
understood.  Nevertheless,  Steinmetz 's  suggestion  is  worth  attention, 
and  the  actual  absorption  of  radiant  energy  by  the  media  of  the  eye 
is  a  very  desirable  thing  to  know.  This  Luekiesh  has  given  us  in  a 
measure  of  the  absorption  of  the  media,  considered  as  water,  for  the 
total  radiation  received  from  radiators  at  different  temperatures.  The 
chief  seat  of  absorption  is  shown  to  be  in  the  cornea,  this  being 
the  first  layer  encountered  and  consequently  in  obedience  to  the  gen- 
eral laws  of  absorption  producing  the  maximum  effect.  Not  only  does 
the  cornea  absorb  a  large  amount  of  the  incident  energy  in  general, 
but  it  also  has  a  strongly  selective  absorption  for  the  extreme  ultra- 
violet, cutting  off  entirely  rays  below  300  /x/x.  in  wave  length.  Most 
of  the  remaining  ultra-violet  is  cut  off  by  the  lens,  but  the  whole  ultra- 
violet factor  in  the  luminous  sources  considered  by  Luekiesh  is  prac- 
tically rather  small.  The  radiation  is  absorbed  largely  by  the  cornea, 
but  this  superficial  layer,  of  course,  is  cooled  with  exceptional  readi- 
ness, so  that  in  a  degree  it  is  self-protected.  If  the  whole  effect  of 
radiation  on  the  eye  were  expressible  in  terms  of  this  absorption  by 
the  media,  one  could  very  readily  figure  out  in  any  given  case  the 
actual  incidence  of  energy  in  ergs  per  second  per  square  cm.  and  get 
a  very  satisfactory  measure  of  the  amount  of  energy  effect  with  which 
one  has  to  deal. 

Recent  investigations  have  shown  it  to  be  highly  probable  that  the 
general  energy  radiation,  rather  than  any  specific  kind  of  radiation, 
is  responsible  for  some  ocular  troubles  which  have  been  noticed, 
especially  glass-blower's  cataract,  in  an  earlier  state  of  knowledge 
ascribed  to  ultra-violet  radiation.  Luekiesh 's  figures,  however,  show 
that  the  total  amount  of  energy  received  from  this  particular  source 
in  bodies,  like  molten  glass,  at  rather  low  temperature  must  be  very 
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small  and  that  the  cornea  cuts  ofiP  a  large  proportion  even  of  the  heat 
radiation. 

The  two  points  which  Luckiesh's  investigation  does  not  throw  light 
npon,  and  which  may  be  justification  for  Steinmetz's  statement,  are 
that  the  concentration  of  energy,  owing  to  the  refraction  of  the 
media,  increases  very  rapidly  from  the  front  to  the  back  of  the  eye. 
Perhaps  three-quarters  of  the  total  refraction  is  at  the  surface  of 
the  cornea,  so  that  there  is  some  concentration  at  the  front  of  the  lens, 
more  still  at  its  back,  and  most  of  all  on  the  retina,  where  the  pig- 
mentation insures  the  absorption  of  practically  all  radiation  that 
reaches  it.  Hence  there  may  be  discomfort  or  even  damage,  as  in 
eclipse-blindness,  produced  under  strong  general  radiation  even  in 
spite  of  the  large  absorption  of  the  superficial  layers.  Incidentally  it 
should  be  mentioned  that  in  dealing  with  solar  radiation  at  an  equiva- 
lent temperature  of  about  6000  deg.  the  point  of  maximum  intensity 
is  no  longer  in  the  infra-red  or  in  the  part  of  the  spectrum  vulgarly 
supposed  to  be  the  seat  of  heat  radiation,  but  in  the  region  of  the 
blue,  so  that  for  this  particular  source  any  distinction  between  visible 
radiation  in  general  and  heat  radiation  becomes  utterly  lacking  in 
significance. 

Burge  (Jo urn.  A.  M.  A.,  Dec.  19,  1913)  summarizes  his  observa- 
tion as  follows:  Radiation  from  a  (juartz  mercury  vapor  lamp  which 
is  sufficiently  intense  to  coagulate  egg  albumin,  egg  globulin,  vitellin, 
serum  albumin  and  serum  globulin  in  one  hour  does  not  coagulate  the 
protein  of  the  normal  lens  or  of  the  vitreous  or  aqueous  humors, 
and  hence  does  not  affect  tlie  transparency  of  these  structures  after  a 
continuous  exj)osure  of  100  hours.  The  region  of  the  ultra-violet 
spectrum  eft'ective  in  coagulating  the  egg-white  lies  between  265  and 
302  microns.    The  region  most  effective  lies  around  265  microns. 

The  lens  protein  can  be  modified  by  solutions  of  calcinm  chlorid, 
magnesium  chlorid,  sodium  silicate  or  dextrose  too  weak  of  themselves 
to  affect  the  transparency  of  the  lens  so  that  ultra-violet  radiation  can 
precipitate  the  modified  lens  protein  and  hence  produce  opacity  of  the 
lens.  The  effective  region  in  case  of  modification  of  calcium  chlorid  is 
t'roiii  265  to  302  microns  inclusive.  The  most  effective  region  lies 
around  265  microns.  Analyses  of  senile  cataractous  human  lenses  show 
that  calcium,  magnesium,  and,  in  lensc^s  from  India,  silicates  are  greatly 
increased  in  this  type  of  cataract.  The  assumption  is  made  that  the 
accumulation  of  these  substances  modifies  the  lens  protein  in  such  a  way 
that  the  short  waves  of  the  spectrum  can  precipitate  the  protein,  thus 
producing  opacity  or  cataract.  In  the  case  of  diabetic  cataract  the 
accuiiinlatioii  of  sugai-  in  thr  liquids  of  the  bofly  so  inofjinos  the  lens 
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protein  that  the  short  waves  of  the  spectrum  can  produce  opacity, 
heiiee  the  prevalence'  of  cataract  in  this  disease. 

The  above  named  sulistances,  which  so  alter  the  lens  protein  that 
the  short  waves  can  precipitate  it,  at  the  same  time  decrease  the  fluo- 
rescence of  the  lens.  Tliis  suggests  that  there  may  be  some  relation 
between  this  latter  property  and  the  great  resistance  of  the  normal  lens 
protein  to  ultra-violet  ratliation.  In  looking  for  the  cause  of  cataract 
it  would  seem  that  at  least  two  factors  are  to  be  considered,  the  one, 
a  modification  of  the  lens  protein,  and  the  other,  radiation  of  short  wave 
lengths  by  which  this  modified  protein  can  be  coagulated.  Radiation 
from  the  infra-red,  or  the  visible  region  of  the  spectrum  cannot  coagu- 
late either  the  modified  or  the  unmodified  lens  protein  provided  the 
coagulation  due  to  heat  be  excluded. 

Enfance.     (F.)     Childhood. 

Enfisema.     (It.)     Emphysema. 

Enflamme.     (F.)     Inflamed. 

Enfle.      (F.)     Inflated;  swollen. 

Enfiure.      (F.)     Inflation ;  tumefaction. 

En  froid.     (F.)     In  the  unheated  condition. 

Engaine.     (F.)     Enclosed  in  a  sheath. 

Enge.     (G.)     Stenosis;  also  a  contracted  part. 

Engelmann,  Theodor  Wilhelm.  Born  at  Leipsic,  Nov.  14,  1843,  he 
studied  from  1861-67  at  Jena,  Leipsic,  Heidelberg  and  Gottingen. 
Returning  to  Leipsic  in  1867,  he  there  received  his  medical  degree, 
presenting  as  his  thesis  ' '  Ueber  die  Hornhaut  des  Auges. ' '  He  settled 
at  once  in  Utrecht,  where  he  became  assistant  to  Bonders  at  the 
Utrecht  Physiologic  Laboratory.  Soon  thereafter  (Mar.  20,  1871) 
he  became  decent,  at  the  Utrecht  University,  and  later,  full  professor 
— a  position  which  he  held  till  his  death,  which  occurred  in  1909, 

He  wrote  a  large  number  of  articles  on  physiologic  subjects,  in 
which  he  paid  considerable  attention  to  the  physiology  of  the  eye. 
—  (T.  H.  S.) 

England,  Laws  of,  relating  to  ophthalmology.  See  Legal  relations  of 
ophthalmology. 

English  convention  of  signs.    See  Convention  of  signs. 

Engoue,     (F.)     Obstructed;  choked  up. 

Engyscope.       Engiscoi'E.     A  reflecting  microscope, 

Enhydric.      Enhydrous.     Containing  water. 

Enixanthos.  As  its  name  implies,  this  is  a  smoky-yellow  tinted  glass 
dating  from  1906  and  manufactured  in  Germany.  It  resembles  the 
llallauer  glass  and  used  like  it  for  making  colored  protectives. 

Enoftalmo.     (It.)     Enophthalmos. 


ENO,  HENRY  CLAY 
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Eno,  Henry  Clay.  A  well-known  American  ophthalmologist.  Born  in 
New  York  City.  Get.  12,  1840,  son  of  Amos  Richards  Eno  and  Lucy 
Jane  Phelps,  he  received  his  medical  degree  at  the  College  of  Phy- 
sicians and  Surgeons  in  the  City  of  New  York  in  1864.  Settling  in 
New  York  City  as  ophthahnologist  and  oto-laryngologist.  he  soon  had 
a  large  private  practice  and  wms  for  some  years  attending  surgeon 
at  the  New  York  Eye  and  Ear  Intirmary. 

He  married,  Oct.  19,  1869,  Cornelia  Lane,  daughter  of  George  AY. 
Lane,  of  New  York  Citv.     She  died  May  2,  1907. 
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Dr.  Eno  was  a  small,  h-aii  man.  who  wore  no  beard  but  a  mustache, 
of  a  fair  complexion  and  with  brown  eyes  and  hair.  His  manner  Avas 
quietly  humorous.  He  read  widely,  and  wms  a  good  all-rou)id  scholar. 
He  was  a  well-known  collector  of  rare  books,  and  was  interested, 
as  he  himself  was  often  heard  to  say,  in  almost  everything  except 
politics  and  religion. 

Dr.  Eno  died  at  his  home  in  Xew  Yoi'k  City.  .Fiily  16,  1!tl4,  aged 
74.— fT.  H.  S.) 

Enophthalmia.      Retraction  of  the  eyeball  in  the  orbit. 

Enophthalmin.  Oxytoluylmethylviiiyldiacetonalknmin  liydroililoratf. 
A  subst;ni<M'  closely  allied  lo  .Miiiiin  ;  it  is  used  ;i.s  ii  iiiydi'iatic  in  2  to 
.")  jx'l'  rrnt.  solution. 
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Enophthalmos.  Enoi'Htiialjmi  s.  A  condition  (generally  due  to  trau- 
luatisiii)  in  which  the  eye  is  less  prominent  than  normal.  This  "sink- 
ing of  the  eye"  may  occasionally  be  due  to  causes  other  than  injury. 
It  may,  for  example,  be  an  idiopathic  aifection  proceeding  from  a 
lesion  of  the  cervical  portion  of  the  sympathetic  nerve.  Atrophy  of 
the  orbital  cellular  tissue  with  loss  of  fat,  loss  of  water  due  to  cholera 
(von  Graefe),  and  abscess  of  the  orbit  are  also  causes.  The  extent  of 
enophthalmos  may  be  judged  by  comparing  the  diseased  with  the 
sound  side. 

When  enophthalmus  is  caused  by  trauma  it  is  followed  by  absorp- 
tion of  the  orbital  fat.  There  are  recognized  the  tropho-neurotic, 
cicatricial,  and  mechanical  forms  of  traumatic  exophthalmos. 

The  tropho-neurotie  type  occurs  after  blows  from  large  objects  upon 
the  margins  of  the  orbit  or  the  skull,  which  cause  a  sinking  of  the  bulb 
into  the  orbit ;  also  f  roia  troplio-neurotic  absorption  of  the  retro-bulbar 
orbital  fat  follow  ing  lesions  of  the  nerve  trunks  or  the  centers.  Cicatri- 
cial enophthalmos  is  caused  by  periostitis  of  the  orbit,  causing  contrac- 
tion of  the  connective  tissues  and  of  the  orbital  fat.  Through  inflamma- 
tory processes  in  the  orbit  with  cicatricial  contraction.  Tenon's  capsule 
and  the  globe  become  more  or  less  atrophic. 

Mechanical  enophthalmus  is  due  to  a  fracture  of  the  orbital  w^alls 
causing  depression  down  and  back.  In  tropho-neurotic  enophthal- 
mus the  bulb  loses  its  motility  and  the  sight  is  lost. 

Most  of  these  cases  are  caused  by  blows  from  large  objects  upon 
the  orbital  walls,  usually  above,  sometimes  on  one  side,  which  produce 
fracture  of  the  bones.  The  cause  of  the  condition  is  a  rupture  of 
Tenon's  capsule,  or  the  thickened  bands  of  this,  known  as  the  check 
ligaments,  and  as  this  contains  smooth  muscular  fibers  which  are  inner- 
vated by  the  sympathetic,  a  peripheral  or  central  lesion  of  this  would 
cause  relaxation  of  the  smooth  muscular  fibers  of  the  check  ligaments 
and  also  atrophy  and  absorption  of  the  orbital  cellular  tissue  which 
permits  the  eye  to  sink  backward,  according  to  the  theory  of  Beer. 

When  there  is  no  gross  depressed  fracture,  the  most  rational  expla- 
nation is  that  of  absorption  of  orbital  fat,  due  to  pressure,  incident 
to  the  violent  cellulitis,  confined,  as  it  is,  within  an  inelastic  bony 
cavity.  Immediately  upon  subsidence  of  the  intraorbital  swelling, 
the  loss  of  fatty  cushion  becomes  manifest  and  the  eye  recedes.  Nieden 
says: — "The  relationship  of  the  cellulitis  to  the  traumatism  varies. 
There  is  usually  a  wound  of  the  lids  or  a  fracture  of  the  orbit,  either 
direct  or  indirect.  Doubtless  a  hematoma  frequently  plays  an  impor- 
tant role." 

The  patient  comes  with  the  explanation  that  some  time  before,  as 
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a  rule  several  weeks,  the  eye  had  beeonie  smaller  than  the  other,  fol- 
lowing a  contusion  in  the  region  of  the  eye.  Ordinarily  a  scar  may  be 
observed,  usually  upon  the  eyebrow,  and  it  is  sometimes  painful  to 
pressure.  The  upper  lid  droops  and  is  not  so  convex.  The  retro-tarsal 
depression  is  deeper  and  the  lid  opening  is  not  so  large  as  on  the  other 
side.  Upon  examination  the  e.yeball  is  usually  found  to  be  of  normal 
size,  the  space  between  the  orbit  and  the  bulb  is  enlarged.  The  appear- 
ance of  the  patient  is  as  if  he  were  wearing  an  artificial  eye.  As  a 
rule  the  globe  has  full  movement  and  vision.  Binocular  vision  as  a 
rule  remains,  except  in  cases  where  there  is  paralysis  or  fracture  of 
the  skull.  The  movement  of  the  eyeball,  especially  upwards  and  down- 
wards, seems  to  be  greater.  Tension  of  the  eye  and  the  fundus  is 
usually  normal.  The  subjective  symptoms  in  some  cases  are  those  of 
a  foreign  body  in  the  eye,  more  often  of  anesthesia  of  the  injured 
side  of  the  nose,  cheeks  and  lips,  caused  by  rupture  of  the  infra- 
orbital nerve  and  infraction  of  the  floor  of  the  orbit. 

The  differential  diagnosis  is  to  be  made  from  neurotic  atrophy  of 
half  of  the  face,  which  gives  a  picture  similar  to  that  of  traumatic 
enophthalmus.  piithisis  bulhi  or  inicrophlhalmus,  for  the  eye  is  normal 
in  size  but  has  an  a])normally  deeper  location. 

The  prognosis  is  that  further  sinking  of  the  eyeball  will  occur,  in 
many  cases,  with  loss  of  sight.     In  others  the  visual  acuity  remains. 

There  is  no  treatment  except  that  galvanism  or  high  frequency 
currents  may  be  employed  to  stimulate  nutrition. —  (H.  V.  W.) 

Lukens  {Practical  Medicine  Series,  p.  169,  1907)  reported  a  case 
of  traumatic  enophthalmos  and  has  been  able  to  find  in  the  literature 
to  date  78  examples.  The  writer's  patient,  aged  54,  had  been  stabbed 
three  times  in  the  face  with  a  knife,  after  which  he  had  been  thrown 
down  stairs.  On  examination  the  same  day  both  lids  of  the  left  eye 
were  slightly  swollen,  but  very  prominent;  the  patient  had  no  control 
over  them.  The  orbital  tissues  were  tense  and  there  was  marked 
exophthalmos.  The  upper  lid  presented  on  its  external  surface  an 
incised  wound  of  perhaps  1  cm.  in  length,  which  was  agglutinated  and 
nicely  held  by  the  sutures  applied  the  night  before.  On  its  under 
surface  on  either  side  of  the  middle  third  were  two  transverse  cuts 
extending  up  through  the  cul-de-sac.  These  latter  wounds  were  gap- 
ing. On  exposing  the  coniea,  which  was  done  with  great  difficulty, 
owing  to  enormous  cheinosis,  it  was  found  to  be  uninjured.  'I'lic 
anterior  chamber  was  normal  or  a  trifle  shallow,  the  pupil  was  ceiitial, 
round  and  about  2  mm.  in  diameter  and  the  i;"is  was  bright.  Tlic 
vision  was  roughly  lakcii  and  was  greatly  reduced,  recognizing  finger 
movements.     There  was  no  evidence  of  contusions  or  wounds  about 
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the  face  other  than  the  three  stabs  above  noted.  In  addition  to  rup- 
turing an  artery,  a  fracture  of  the  orbit,  communicating  with  an  acces- 
sory sinus,  had  been  produced  as  evidenced  by  bleeding  from  the  nose, 
which  persisted  for  ten  days.     lie  was  placed  abed,  iced  cloths,  boric 


Lukens'  Case  of  Traumatic  Enophthalmos. 

wash  and  atropin  were  used.  The  violent  orbital  disturbance  was 
soon  greatly  relieved,  and  he  left  the  hospital  on  bis  own  responsibility 
at  the  end  of  two  or  three  days. 

Eventually  he  exhibited  the  following  condition :  The  left  upper 
eyelid  drooped,  nearly  covering  the  eyeball,  cicatrization  had  taken 
l)lace  at  the  site  of  the  conjunctival  wound,  partially  obliterating  the 
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superior  cul-de-sac,  and  the  lid  at  the  junction  of  its  middle  and  outer 
thirds  was  slightly  furrowed  and  drawn  up  and  in,  producing  a  ten- 
dency to  entropion.  The  levator  action  of  the  lid  was  very  feeble. 
The  eyeball  was  dislocated  5  or  6  mm.  back  of  its  normal  position  and 
also  2  or  8  mm.  below  it,  and  the  eye  was  rotated  up  about  30  degrees 
and  out  about  20  degrees.  Upon  palpation  the  eye  w^as  found  to  be 
firmly  held  in  this  position  by  a  resistant  mass  extending  from  the 
eyeball  to  the  floor  of  the  orbit.  No  deep  bands  of  cicatrization  could 
be  detected  at  the  site  of  the  injury-  in  the  roof  of  the  orbit.  The 
patient  could  rotate  his  eye  about  10  degrees  in  the  horizontal  merid- 
ian and  not  over  5  degrees  in  the  vertical.  The  pupil  of  the  eye  was 
about  2  mm.  in  diameter  and  responded  feebly  to  light,  and  vision 
was  1/60  of  normal.  The  vitreous  was  hazy  and  no  fundus  details 
were  possible.  The  tension  was  normal.  The  vision  of  the  uninjured 
eye  w^as  normal,  and  the  pupil  was  the  same  size  as  that  of  the  injured 
eye.  He  stated  that  the  sunken  condition  of  the  eye  was  first  noticed 
when  the  swelling  sul)sided.  A  deep  sulcus  marked  the  upper  tarsal 
margin,  and  the  tip  of  the  finger  could  be  pressed  between  the  eyeball 
and  the  orbital  roof.  The  orbital  fracture  which  was  present  in  this 
case,  if  direct,  was  in  the  roof,  although  the  fixing  mass  was  in  the 
floor,  suggesting  an  indirect  fracture  in  this  location,  which  might 
also  have  resulted  from  his  fall  downstairs. 

In  Butler's  (Ophthalmoscope,  viii,  p.  333,  1911)  first  case  (con- 
genital) the  eye  could  be  neither  adducted  nor  abducted.  The  enoph- 
thalmos  is  explained  by  congenital  absence  of  the  rectus  externus  and 
internus  which  leaves  too  nuicli  room  in  the  orbit  and  allows  the  eye 
to  fall  back.  In  the  second  case,  also  congenital,  the  eye  could  not  be 
aliducted  beyond  the  middle  line.  The  probable  explanation  of  the 
enophthalmos  was  a  rudimentary  rectus  externus  with  abnornuilly 
posterior  attachment  to  the  globe,  also  giving  too  much  room  and 
allowing  the  globe  to  fall  back.  In  the  third  ease,  after  an  accident 
pieces  of  bone  were  removed,  including  part  of  the  orbital  process  of 
the  malar;  the  enophthalmos  being  due  to  the  resulting  increase  in 
size  of  the  orbit.  Gronholm  {Zeitschr.  f.  Augenh.,  xxiv.  p.  479, 
1911)  reports  two  cases,  l)oth  caused  by  violent  impact  of  tlic  end  of 
a  ski  against  the  orbital  margins  and  the  eye.  There  were  various 
bony  injuries,  including  in  the  first  case  displacements  of  the  frag- 
ments from  the  tloor  of  the  orliit  into  the  antrum  of  Iliglnnore,  and 
in  the  second  a  depression  of  tlic  nasal  wall  (ethmoid).  The  ocular 
movements  were  markedly  limited.  In  tlie  first  case  the  author  ex- 
I)lains  the  persistent  enophthalmos  as  due  to  primary  displacement 
of  the  oi'bital   coiilciils  into  tlir  defect    in   llie   Hoor,  ;iii(l   1o  secondary 
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adhesions  and  fixation  from  bleeding  and  traumatic  reaction ;  in  the 
second  as  mainly  due  to  the  depression  in  the  bony  wall,  and  in  less 
degree  to  the  other  cause  named. 

In  Sautter's  {Ami.  of  Ophth.  xix,  p.  713,  1911)  case  the  skiagraph 
showed  fractures  of  the  zygomatic  process,  the  external  and  inferior 
orbital  margins,  and  probably  the  floor  of  the  orbit ;  as  well  as  of  the 
nasal  orbital  wall  including  the  adjacent  ethmoidal  sinuses  and  pos- 
sibly the  frontal  sinuses.  The  disturbed  appearance  of  the  nasal 
orbital  wall  suggested  the  possibility  of  depression,  with  hernia  of  the 
retrobulbar  tissue  in  this  region.  In  the  absence,  however,  of  positive 
signs  of  enlargement  of  the  orbital  cavity,  or  of  signs  pointing  to  a 
lesion  of  the  sympathetic  or  of  the  fifth  nerve,  the  enophthalmos  may 
be  attributed  to  a  rupture  of  the  check  ligaments  or  of  the  supporting 
sheath  of  Tenon's  capsule,  or  to  a  relaxation  of  these  ligaments  from 
fracture  of  their  bony  attachments,  and  secondarily  to  cicatricial 
tissue  resulting  from  laceration  of  the  soft  structures  within  the  orbit. 
Bourland  (Ann.  d'OciiL,  cxliii,  p.  350,  1911)  observed  enophthalmos 
with  mild  optic  neuritis  seven  months  after  a  slight  injury  in  the 
region  of  the  superciliary  arch.  The  reporter  ascribes  the  phenomenon 
to  inflammation  and  subsequent  cicatricial  sclerosis  of  the  orbital  tis- 
sues, slowly  propagated  to  those  parts  and  the  optic  nerve  from  the 
point  of  the  original  injury. 

Hartung  {Zeitschr.  f.  Augenh.,  xxiii,  p.  550,  1911)  tabulates  four- 
teen cases  of  traumatic  enophthalmos  among  50,000  patients  in  the 
ophthalmic  clinic  in  Jena,  while  in  the  Leipzig  clinic  of  150,000  the 
condition  was  observed  only  four  times.  The  predominance  in  the 
former  is  no  doubt  due  to  the  circumstajice  that  Jena  draws  its  mate- 
rial largely  from  the  country  district,  which  is  subject  to  severer 
injuries  than  that  of  the  large  cities.  Of  the  fourteen  cases  six  were 
due  to  kicks  by  a  horse,  and  two  to  injuries  by  a  cow's  horn.  In  three 
the  enophthalmos  occurred  within  a  week,  and  in  the  remaining  eleven 
after  months  or  even  years. 

In  Chesneau's  (Oplith.  Rev.,  xxix,  p.  370,  1911)  case  marked  bi- 
nocular exophthalmos  of  ten  years'  duration  gave  place  in  two  days 
to  enophthalmos  of  one  of  the  eyes  with  almost  complete  loss  of  the 
intra-ocular  tension.  The  reporter  believes  that  the  sudden  occur- 
rence of  the  enophthalmos  supports  the  opinion  that  the  exophthal- 
mos is  due  to  a  spasm  of  the  smooth  muscular  elements  so  abundantly 
contained  in  the  check  ligaments  of  the  orbital  fascia :  sudden  relaxa- 
tion of  these  muscular  fibers  from  paralysis  might  give  rise  to  the 
enophthalmos  from  the  now  unchecked  contraction  of  the  recti  and 
other  retrobulbar  structures. 
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Lutz  (An.  de  Oft.,  v.  16,  p.  49,  1913)  reports  a  case  of  traumatic 
enophthalnios  in  a  patient  who  a  year  previously  had  ])een  thrown 
from  a  coach  receiving  injuries  in  the  neighborhood  of  the  left  eye. 
At  the  time  of  the  examination  this  eye  was  enophthalmic  14  mm. 
and  was  turned  upward  and  outward.  The  eye  could  be  moved  only 
slightly  upward  and  outward  and  not  at  all  downward.  Passive  move- 
ments under  cocain  revealed  marked  resistance,  especially  to  movement 
downward,  and  gave  a  sensation  of  loss  of  elasticity  in  the  tissues  of 
the  globe.  There  were  several  cicatrices  in  the  upper  lid  and  the 
superior  conjunctival  fornix.  Radiograms  demonstrated  a  fracture  of 
the  frontal  process  of  the  superior  maxilla,  and  a  decalcification  of 
the  upper  orbital  rim.  The  orbital  cavity  was  not  increased.  The 
ocular  media  and  fundus  were  normal  and  vision  of  4/9  was  obtained 
by  holding  the  upper  lid  out  of  the  way  and  inclining  the  patient's 
head.  Temporary  division  of  all  the  recti  muscles  did  not  make  pos- 
sible free  movement  of  the  eye  in  any  direction,  from  wliicli  the  writer 
deduces  that  there  must  have  been  cicatricial  contraction  in  the  pos- 
terior part  of  the  orbital  cavity.  Persistent  use  of  fibrolysin  produced 
no  improvement.  Riiliel's  (Klin.  M.  f.  Augenh.,  Feb.,  1913,  p.  227) 
patient,  a  man  of  67,  highly  emaciated  and  with  marked  loss  of  orl)ital 
adipose  tissue,  had  an  enoj)lithalmos  of  3  to  4  mm.  on  retracting  the 
eyelids. 

Birch-Hirschfeld  and  Meltzer  [Arch,  of  Ophth.,  XL,  p.  180,  1912) 
review  tlic  sixty-six  cases  of  traumatic  enophthalmos  in  the  literature, 
and  add  four  cases  from  the  Leipzig  clinic.  All  of  the  cases  developed 
within  varying  lengths  of  time  after  trauma,  but  this  cannot  be  ac- 
cepted as  the  cause.  No  uniform  pathogenesis  could  be  found.  The 
authors  review  all  of  the  theories  a<lvanced  to  explain  the  cause  of  this 
disease,  or  rather  anomaly,  ])ul  reject  all  as  not  satisfying  the  questions 
presented.  However,  they  do  not  offer  any  new  theory.  Gradle  pre- 
sented a  case  of  enophthalmos  in  a  3  months  old  baby,  which  at  the 
time  of  birth  was  supposed  to  have  a  discliarge  from  the  eyes.  The 
possibility  of  the  condition  l)eing  flic  result  of  intra-uterinc  inflam- 
mation was  discussed. 

Finally,  Eversbusch  (Klin.  Moitatsbl.  f.  Augenheilk.,  May-June, 
1911)  reports  a  case  of  enophthalmos,  occurring  in  a  twenty-eight- 
year-old  man,  due  to  the  excessive  exertion  and  strain  incui-red  in 
trying  to  guide  a  heavily  laden  \vheell)arro\v  on  a  wager  over  a  cir- 
cular course.  The  patient  experienced  intense  p;iiii  immcdialcly  upon 
completing  his  task,  having  a  sensation  as  though  something  had  Ix-en 
torn  in  back  of  his  eye.  On  the  same  day  tlie  patient  noticed  that  the 
left  eye   was   nuich   deeper   in    the   oi-l)it    than    its   fcHow.      The   j)ain 
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recurred  to  a  lesser  degree  off  and  on  for  a  number  of  days.  Some- 
what later  it  was  noticed  that  he  had  a  compressible  swelling  of  the 
lower  lid  after  bending  forward  or  upon  compressing  the  jugular 
vein,  disappearing  in  the  normal  position. 

The  author  concludes  that  the  enophtlialmos  is  largely  due  to 
rupture  of  the  fasciculi  attaching  the  ocular  muscles  and  perhaps 
the  capsule  of  Tenon  to  the  periosteum  of  the  orbit.  The  varix  he 
thinks  is  due  to  the  lack  of  valves  in  the  orbital  veins,  allowing 
them  to  overstretch  when  subjected  to  greatly  obstructed  blood 
circulation.    See,  also.  Injuries  of  the  eye. 

Enoptomacy.  In  optics,  examination  by  means  of  a  mirror,  as  in  ob- 
servations made  by  the  ophthalmoscope  and  skiascope. 

Enorthotrope.  Thaumatrope.  Zcetrope.  Zcepraxiscope.  Ppienakis- 
TOSCOPE.  An  apparatus  for  the  exhibition  of  figures  apparently  in 
motion,  due  to  effects  of  visual  persistence. 

Enostosis.    A  variety  of  new  osseous  product  consequent  on  periostitis. 

Enroule.     (F.)     Rolled  up  on  itself;  twisted. 

Ensemble.     (F.)     The  whole ;  the  totality. 

Ensor,  Henry  CoUen.  Born  at  Cardiff,  AVales,  the  son  of  a  solicitor. 
He  received  his  medical  education  at  Guy's  Hospital,  London.  At 
the  latter  institution  he  was  for  some  time  ophthalmic  clinical  assistant. 
He  became  an  M.  R.  C.  S.  and  an  L.  S.  A.  in  1885.  After  a  brief 
period  spent  as  Resident  Surgical  Officer  of  the  Birmingham  and 
Midland  Eye  Hospital,  he  settled  in  his  native  town  as  ophthalmologist. 
He  soon  became  ophthalmic  surgeon  to  the  Cardiff  Infirmary,  and,  in 
1887,  was  made  a  member  of  the  Oplithalmological  Society  of  the 
United  Kingdom. 

He  died  at  Cardiff,  Aug.  23,  1910,  after  undergoing  a  surgical  opera- 
tion for  nasal  obstruction. —  (T.  H.  S.) 

Enstalaxis.     (L.)      (Obs.)     Instillation. 

Entankyloblepharitis.   (L.)    Obs.  Entankyloblepharon  with  blepharitis. 

Entankyloblepharon.  (L.)  (Obs.)  Adhesion  of  the  eyelids  to  the 
surface  of  the  eyeball. 

Entblinden.     (G.)     To  regain  the  power  of  sight. 

Ente.     (F.)     A  graft.    Grafting. 

Entere.      (F.)     Mucous  membrane. 

Enteroscope.  A  name  given  by  Leiter  to  an  instrument  for  illuminating 
the  intestinal  cavity  by  means  of  an  electric  light,  for  purposes  of 
examination. 

Entfarbt.     (G.)     Colorless. 

Entfarbung.     (G.)     Discoloration. 

Entfederung-.     (G.)     Deplumation. 
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Entire  colljo-ia.     Collyria  which  are  used  in  the  same  form  iii  which 

tliey  were  made,  instead  of  being  reduced  to  powder  or  diluted. 
Entochoroidea.    The  inner  lining  of  the  choroid  membrane  of  the  eye, 

made  up  mainly  of  capillaries. 
Entocornea.    A  synonym  of  Descemet's  membrane. 
Entoderm.     One  of  the  three  primary  germ-layers  of  the  embryo.    See 

Development  of  the  eye. 
Entomarginal.     Internal  and  near  the  margin. 
Entophthalmia.      (Obs.)      Inflammation    of   the    internal    parts   of   the 

eyeball. 
Entoptic.    Pertaining  to  tlie  interior  or  internal  parts  of  the  eye. 
Entoptic  phenomena.      Entoptic     .vppp]ar.vnces.       Visual     phenomena 

caused  by  peculiarities  or  imperfections  of  internal  parts  of  tbt^  eye, 


Kntoptic  Striir    Pioduccil   l)y   Winking  the-  J!:yi-litls.      (AftiT  (Jeoigo  Bull.) 

e.  g.,  miusca'  volUantcs,  as  seen  by  the  eye  containing  them.  Tscherning 
{Physiologic  Optics,  ]>.  147)  remarks  that  when  "we  api)roach  a 
luminous  point,  the  circle  of  diffusion  to  which  it  gives  rise  increases 
in  size.  At  the  moment  when  th(  luminous  point  is  at  the  anterior 
focus  of  the  eye,  the  rays  arc  parallel  after  refraction,  ami  the  circle 
of  diffusion  is  the  size  of  the  pupil;  on  approaching  neai-ei-  to  it,  the 
circle  still  increases.  In  these  circumstances  we  observe  ento])tie 
phenomena,  that  is  to  say,  shadows  which  the  corpuscles  situated  in 
the  refracting  media  of  the  eye  project  on  the  retina.  If.  instead  of 
a  point,  we  use  a  larger  luminous  source,  the  cone  of  the  shadow 
becomes  too  short  to  reach  to  the  retina,  except  the  object  is  very  near 
the  latter.  Another  way  of  observing  entoptic  phenomena  consists  in 
placing  oursi'lves  at  a  great  distance  and  observing  the  luminous  point 
through  a  strong  convex  lens.  In  this  case  the  disi)lacemi'iits  of  the 
shadows  take  j)lace  in  the  direction  contrary  to  that  which  we  are 
going  to  pf)inf  out  latcf.     .Xiiiong  the  riitojitic  observations  1  shall  cit<! 
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the  following:  The  luminous  spot  is  limited  by  the  shadow  of  the 
border  of  the  iris ;  we  can  thus  study,  therefore,  the  irregularities  of 
the  latter.  The  pupillary  contraction  is  very  well  observed  on  open- 
ing or  covering  the  other  eye. 

We  very  frequently  see  small  circles  the  centers  of  which  are  bright, 
and  which  have  an  apparent  motion  from  above  downwards,  depending 
on  the  winking  of  the  eyelids.  They  are  produced  by  small  specks 
on  the  anterior  surface  of  the  cornea,  and  which  move  in  a  contrary 
direction. 

On  winking  the  eyes  we  produce  transverse  strige,  due  probably 
to  the  wrinkles  of  the  epithelial  layer.  If  we  wink  for  some  time,  for 
example  when  keeping  one  eyelid  closed  while  working  with  a  micro- 
scope, or  as  artists  frequently  do  in  order  to  obtain  a  better  idea  of  the 


Jnfipient  Cataract,  Seen  Eutoptically.      (After  Darier.) 

entire  impression  of  a  landscape,  we  can  produce  striae  which  last  for 
several  hours  and  give  rise  to  a  very  marked  diplopia  of  the  horizontal 
lines,  George  Bull  especially  has  studied  this  question;  according  to 
him  the  phenomena  are  specially  pronounced  after  reading  for  a  long 
time  in  the  horizontal  position,  and  give  rise  to  a  peculiar  annoyance 
which  he  has  named  tarsal  asthenopia. 

On  winking  the  eyelids  while  looking  at  a  distant  luminous  point, 
we  observe  long  strife  which  run  upwards  and  downwards  from  the 
point.  These  stria?  are  due  to  the  layer  of  tears  which  is  in  the 
conjunctival  sac.  and  which,  near  the  border  of  the  eyelids,  assumes 
the  form  of  a  prism  with  a  concave  surface.  This  prism  deflects  the 
rays  which  meet  it,  and,  as  its  surface  is  concave,  the  parts  placed  near 
the  border  of  the  eyelid  act  as  a  stronger  prism,  M'^hich  causes  greater 
deflection  of  the  rays :  it  is  for  this  reason  that  we  see  a  stria  and  not 
simply  a  second  image  of  the  luminous  point.  The  upper  eyelid  de- 
flects the  rays  upwards;  it  produces,  therefore,  the  striae  which  we  see 
directed  downwards.     In  fact,  if  we  lower  a  screen  placed  near  the 


ENTOPTIC  PHENOMENA 


4327 


eye,  it  is  the  stria  directed  downwards  which  disappears  first.  This 
phenomenon  is  not.  properly  speaking,  an  entoptic  phenomenon. 

If  we  rub  the  eye.  the  himinous  spot  presents  a  speckled  appearance, 
due  to  irregularities  of  the  cornea;  this  appearance  soon  disappears. 

We  sometimes  observe  small  round  discs,  sometimes  bright  and  sur- 
rounded with  a  black  border,  sometimes  dark  witii  a  bright  border, 
proceeding  from  the  crystalline  lens.  We  frecjuently  see  also  the  star 
figure  of  the  crystalline  lens,  sometimes  bright,  sometimes  dark,  with 
somewhat  more  luminous  borders.  The  crystalline  opacities  are  out- 
lined in  the  spot  with  great  distinctness.  An  intt^lligent  patient  can 
thus  follow  step  l\v  step  tlie  development  of  his  cataract. 


(After  George  Bull.)  After  Helniholtz. 

8|)eckled   Appearance  of  tlie  Entoptic  Field    l'roil\ii-eil  ]>y  Rubbinfj  the  Cornea. 

Nearly  every  one  sees  objects  situati'd  in  the  vitreous  body;  they 
become  partly  visible  without  further  aid  by  simply  looking  at  the 
sky,  that  is  when  they  are  very  near  the  retina.  They  are  sometimes 
mobile,  sometimes  fixed,  but  presenting  in  the  latter  case  an  apparent 
motion.  If,  for  example,  the  shadow  is  seen  a  little  above  the  point  of 
fixation,  the  patient  looks  a  little  higher  in  order  to  fix  it;  but  as  the 
shadow  is  always  seen  above  the  point  of  fixation,  it  continues  to  direct 
the  visual  line  higher;  and  the  shadow  always  flees  before  the  look, 
for  whicii  reason  the  name  musca  volitanirs  has  been  given  to  this 
phenomenon.  To  make  certain  whether  the  motion  is  apparent  or 
real,  we  can  look  at  the  sky  through  a  window,  on  wliieh  we  selei-t  a 
mark  in  order  to  assure  fixation;  after  having  made  a  rapid  movement 
with  the  look,  we  fix  this  point.  If  the  corpuscle  is  fixed,  it  shoiiM 
then  i-emain  motionless,  but  most  frequently  we  see  it  descend  .slowly 
wliieli   indicates  that  tlie  eo)'y)nscle  renlly  ascends.'' 

.1.  liurdon-CJooper  {Oj^lilhiil ini(  Ri  fi<  n\  Dec..  1!»(IS)  lindstluit  inu.sc;e 
can  be  satisfactoi'ilv  stndied  in  the  field  obtained  h\-  nsing  a  low  nowei' 
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objective  in  the  mioroseope  and  placing"  a  hit^h  power  objective  upside 
down  on  top  of  the  eye  piece.  Witli  the  ordinary  condenser  and  dia- 
phragm tlie  illumination  of  this  (ield  can  be  adjusted  to  give  the 
greatest  distinctness  of  tiu^  sliadows  studied.  A  more  simple  but  very 
serviceable  device  may  be  obtained  by  fusing  the  end  of  a  capillary 


Entoptic  Figures.      (Burdon-Cooper.) 

glass  tube  until  it  forms  a  small  glass  sphere.  All  but  the  sphere  can 
be  blackened  with  smoke  to  avoid  annoying  streaks  of  light.  Studying 
the  entoptic  appearances  by  this  means  the  strings  of  beads  commonly 
regarded  as  fixed  in  the  vitreous  have  a  movement  which  Burdon- 
Cooper  thinks  argues  for  a  lymph  space  existing  l)etween  the  retina 
and  hyaloid  membrane.  Certain  double  contoured  or  "tubular" 
shadows  are  suggested  to  be  due  to  folds  in  that  membrane.     Some  of 
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these  folds  appear  to  be  immediately  behind  the  crystalline  lens.  A 
number  of  these  folds  apparently  terminating  around  an  opening 
are  supposed  to  indicate  the  anterior  end  of  the  hyaloid  canal.  By 
lying  supine.  Avith  the  light  directly  above,  he  has  been  able  to  see 
the  whole  circumference  of  this  opening.  He  also  thinks  he  has  de- 
tected the  posterior  end  of  the  canal,  considerably  larger  than  the 
anterior. 

Ohleraann  (Ann.  of  Ophih.,  p.  131,  January,  1909)  reports  a  case 
of  exophthalmic  goitre  in  which  the  patient  perceived  a  circular  phos- 
phene,  like  a  radiating  corona,  which  was  ascribed  to  mechanical  irri- 
tation of  the  retina.  It  was  seen  at  night,  at  the  height  of  disease, 
when  the  tension  on  the  eyeball  was  greatest. 
Entoptics.      ExTOPTOSCOPY.     The  science  of  phenomena  interior  to  the 

I'VC. 

Entoptische  Erscheinung-en.     (G.)     Entoptic  phenomena. 
Entoptoscope.     This  little  optical  instrument  was  invented  by  Barrett 
w  lio  applied  to  it  the  principle  of  the  pin-hole  device  of  Listing.     The 


\ 


Entojitoscoj)o.      (Ts<li(Mriiii;,r.)      n,   i>l;iiicliottP   of   wood;    b,   rod;    c,   poppor   plate, 

poiforatcd ;  d,  thread. 


|);iticiit    l()()l\s  ;it    llif  sky    t  ln'onH-h    ;i    niiiniff   (ipciiiiiL'   in    llic   ;i|)|)liiiiii-c 
and  is  alil''.  ;it   his  Irisuj-r.  to  sIikIn    the   I'onn  ;m(l   wiitdi  tin'  \  ;ifi;it  ions 
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of  opacities  seen  in  his  own  lens  and  vitreous.  Tscherning  {Physio- 
logic Optics,  p.  150)  has  constructed  a  small  entoptoscope  (see  the 
figure)  which  consists  of  a  small  plate  of  wood  which  the  observer 
takes  between  liis  teeth.  On  the  plate  is  fixed  a  rod  which  carries  a 
plate  of  copper  having  the  form  of  the  segment  of  a  sphere.  In  the 
middle  is  pierced  a  very  fine  opening,  (1/10  mm.),  which  is  on  a  level 
with  the  eye.  In  the  concavity  of  the  cap  are  stretched  two  threads, 
one  horizontal  and  one  vertical,  placed  in  the  form  of  a  cross  and 
forming  cords  with  the  cap.  When  one  takes  the  instrument  between 
the  teeth  and  looks  towards  the  sky  one  sees  the  entoptic  field  occupied 
by  the  cross,  which  is  greatly  enlarged.  We  select  a  point  in  the  cross 
as  a  fixation  point.  The  position  of  the  cross  is  thus  invariably  de- 
pendent on  that  of  the  liead ;  if  therefore,  in  given  circumstances,  we 
observe  a  displacement  of  the  cross  in  the  entoptic  field,  it  is  because 
it  is  the  latter,  that  is  to  say  the  eye,  which  suffers  the  displacement. 
We  can  thus  prove  that  the  eye  is  slightly  displaced,  a  little  upwards 
when  we  wink  the  eyelids,  a  little  downwards  when  we  open  the  eye 
very  widely.  AVhen  we  lean  the  head  to  one  side  the  eye  undergoes  a 
slight  displacement  in  the  direction  of  the  weight,  etc.  The  phenomena 
are  especially  striking  when  we  instil  eserine,  because  the  field  is  then 
very  small.  The  displacement  of  the  cross  may  then  reach  a  fourth  or 
a  third  of  the  entire  extent  of  the  field. 

Entoptoscopy.  The  subjective  observation  of  intraocular  shadows 
and  objects.  The  perception  of  eircTunscribed  shadows  of  opaque 
particles  in  the  dioptric  media  of  one's  own  eye  or  of  the  blood- 
vessels of  one's  own  retina. 

Entorbital.  Situated  on  the  inner  portion  of  the  orbit  or  of  orbital 
lolie  of  the  brain  or  internally  to  its  orbital  fissure. 

Entoretina.     The  innermost  layer  of  the  retina. 

Entorse.     (F.)     Strain ;  twist. 

Entcscope.    See  Endoscope. 

Entozoa  of  the  human  eye.    See  Parasites,  Ocular. 

Entrance,  Optic.     A  name  for  the  optic  papilla  or  disc. 

Entrance-port.  In  optics,  the  image  of  the  annular  diaphragm  that  is 
formed  by  that  part  of  the  optical  system  which  lies  in  front  of  the 
diaphragm  or  aperture-stop  (q.  v.). 

Entrance-pupil.  In  optics,  an  aperture-stop  (q.  v.)  that  is  effective  in 
the  object-space  and  conjugate  to  the  exit-pupil  in  the  image-space 
of  an  optical  system.  Together  they  are  images  of  each  other  and 
constitute  a  pair  of  virtual  stops  (as  distinguished  from  actual  or 
material  stops)  that  limit  and  are  the  measures  of  the  apertures  of 
the  ray-bundles  in  the  object-space  and  the  image-space.     A  material 
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stop  of  the  same  size  and  in  the  same  position  as  the  stop  image  at 
the  entrance-pupil  will  limit  the  aperture  of  the  ray-bundles  to  the 
same  extent  as  a  material  stop  whose  size  and  position  are  «^qual  to 
the  stop-image  at  the  exit-pupil ;  and  either  of  them  or  both  together, 
so  far  as  this  effect  is  concerned,  would  be  precisely  equivalent  to  an 
actual  stop  placed  between  the  front  and  rear  components  of  the  op- 
tical system.  The  latter  Abbe  termed  the  iris  of  the  optical  system, 
and  in  connection  with  it  developed  the  theory  respecting  the  aforesaid 
pupils. 

The  pupil  of  the  eye  is  the  contractile  aperture  of  the  iris  Avhose 
image  produced  by  the  cornea  and  the  aqueous  humor  lifs  in  front 
of  the  eye  (as  can  be  seen  by  looking  directly  into  it),  so  that  only  rays 
that  are  directed  towards  this  image  can  enter  the  eye  through  the 
iris  opening. —  (C.  F.  P.) 
Entre-croisement.     (F.)     The  reciprocal  passage  of  fibres  in  general, 
and  more  es})ecially  of  the  nerve  tubes  from  one  side  of  the  median 
line  to  the  other ;  as  in  the  decussation  of  optic  nerve  fibres. 
Entrefer.     (F.)     Airspace. 
Entrichiasis.     (L.)     A  synonym  of  trichiasis. 
Entrichoma.     (L.)     An  old  name  for  the  tarsus  and  the  ciliary  edge 

of  the  eyelid  with  the  cilia. 
Entropia.     A  turning  inward. 

Entropion  (trichiasis).  Kntropium.  Incurved  or  inverted  lids.  As 
it  is  clinically  impossible  to  separate  trichiasis  from  entropion  these 
two  subjects  are  here  treated  in  one  section.  See,  also,  the  major 
heading,  Cilia,  Misplaced;  as  well  as  Trachoma  and  Trichiasis;  and 
Distichiasis. 

Entropion  is  an  exaggerated  degree  of  trichiasis  with  this  difference, 
that  whereas  in  trichiasis  the  free  borth'r  of  the  lid  remains  in  its 
normal  position,  in  entropion  the  free  border  is  turned  inward  toward 
the  eyeball.  There  are  two  varieties,  entropion  spasticiim  and  entropion 
cicatriciale. 

Normally  the  plane  of  the  free  border  of  the  upper  lid  faces  down- 
ward, tliat  of  the  lower  lid  upward.  The  posterior  nuirgin  is  sharp, 
almost  a  right  angle.  Any  cause  tliat  o  pirates  to  change  the  curvature 
of  the  lid  plates,  so  as  to  force  the  li-ee  border  inward,  will  bring  about 
entropion.  One  such  cause  is  spasm  of  the  orl)icularis,  particularly  of 
those  muscle  bundlrs  that  lie  near  the  palpebral  lissnre.  This  gives 
rise  to  the  form  known  as  sj)asti('  eiiti'opion. 

The  bundle  of  orbicularis  fibers  surrounding  the  palixiu-al  lissure 
presents  a  curve  whose  concavity  is  directed  toward  this  fissui-e.  Fur- 
thermore, by  reason   of  its  position   over  the  surface  of  the  eyeball. 
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tliis  l)uii(lle  has  a  curvature  wiiose  concavity  is  backward.  In  forcible 
contraction  of  this  bundle,  as  in  spasm,  it  is  plain  that  the  edge  of 
the  lid,  to  which  the  muscle  is  so  firmly  attached,  tends  to  assume  the 
position  of  the  chord  of  the  arc  of  these  curvatures,  and  as  a  result  is 
turned  inward.  This  occurs  more  readily  if  the  edge  of  the  lid  has 
lost  the  support  of  the  eyeball:  hence  spastic  entropion  is  frequently 
seen  after  enucleation,  if  the  patient  does  not  wear  an  artificial  eve. 


Desmarres"  Lid  ±  creeps  for  liintropium. 

Again,  if  the  tissues  of  the  lids  are  much  relaxed,  the  skin  very 
distensible  and  the  contents  of  the  orbit  shrunken,  the  conditions  are 
favorable  for  spastic  entropion.  Hence,  we  see  it  more  frequently  in 
old  people  and  particularly  in  the  lower  lid,  the  tarsal  plate  of  which 
gives  it  less  firmness  than  that  of  the  upper  lid.  Because  of  the  firm- 
ness of  the  tarsal  plate  in  that  organ  spastic  entropion  rarely  affects 
the  upper  lid. 


Falta  's  Lid   Forceps  for   Entropium. 

The  disease  is  observed  in  the  blepharospasm  of  children,  in  blephar- 
ophimosis,  and  is  frequently  caused  l)y  long-continued,  firm  bandaging 
of  the  eyes  of  elderly  persons  whose  skin  is  fial)by,  as  after  cataract 
operations. 

The  cicatricial  form  of  entropion  is  the  result  of  distortion  of  the 
tarsal  plate  liy  the  contraction  of  cicatricial  tissue  that  has  formed  in 
it  and  in  the  conjunctiva  covering  it.  Such  cicatrization  is  usually 
the  result  of  long-continued  trachoma ;  or  it  may  follow  burns,  pem- 
phigus or  diphtheria  of  the  eyelids  or  conjunctiva. 

The  contraction  of  the  sear  tissue  "buckles"  the  tarsus  so  that  its 
under  surface  is  much  more  concave  than  normal,  and  in  chronic 
cases  of  trachoma  presents  a  distinct  furrow  parallel  to  the  free  border. 
Corresponding  to  this  furrow  there  may  be  on  the  anterior  surface  of 
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the  tarsii8  a  distinct  ridge.  Because  of  the  bowing  inwards  of  the 
tarsus  the  posterior  margin  of  the  free  border  is  pressed  against  the 
cornea  and  by  constant  attrition  is  rounded  or  beveled.  As  a  result  of 
the  continued  irritation  of  the  cornea  by  the  border  of  the  lids,  and  it 
may  be  by  the  cilia,  a  certain  degree  of  blepharospasm  is  excited  which 
aggravates  the  trouble  by  adding  the  spastic  to  the  cicatricial  form.  In 
the  severest  forms  the  lid  may  be  so  incurved  that  the  lashes  rest 
on  the  eyeball,  as  they  do  in  typical  cases  of  trichiasis  or  spastic 
entropion. 

It  will  be  seen  tliat  in  trichiasis  there  is  no  distortion  of  the  lid 
plate,  except  possibly  ai-ound  tlie  hair  follicles  on  the  free  border  and, 
tlierefore,  no  real  entroition,  while  in  cicatricial  entropion  there  may 
be  trichiasis  in  addition  to  the  deformity  of  the  tarsus.     In  deciding 


Black  's  Entroj>ium  Forceps. 

upon  the  0])erative  treatment  of  trichiasis  and  entropion,  these  various 
features  shouhl  be  borne  in  mind,  and  the  operation  must  be  varied  to 
suit  the  individual  case.  If  the  spastic  feature  predominates,  this  must 
receive  especial  attention,  while  if  trichiasis  is  the  marked  feature, 
without  the  more  severe  cicatricial  entropion,  certain  other  operations 
will  be  applicable. 

Inasmuch,  therefore,  as  trichiasis  and  entropion  so  frequently  co- 
exist, and  as  the  latter  is  to  be  regarded  as  a  variety  of  the  former,  it  is 
expedient  to  consider  their  trcatmoiL  and  especially  llicir  operative 
treatment,  together. 

OPKRATn'E  TREATMENT   OF   ENTKOI'ION    AND   TRICHIASIS. 

As  has  been  said,  spasti(;  entropion  usually  affects  the  lower  lid  and 
occurs  in  elderly  people  with  relaxed,  flabby  skin,  and  in  those  in  whom 
the  support  of  the  lower  lid  is  partly  lost,  as  from  shrunken  orbital 
tissue.  It  frequently-  occurs  in  such  persons  as  a  result  of  continuous 
bandaging  of  the  eyes,  and  in  these  cases  is  usually  relieved  by  discon- 
tinuing the  bandage.  If  for  any  reason  this  cannot  be  done,  it  may 
be  necessary  to  use  mechanical  or  even  operative  measures  to  correct 
the  difficulty. 

Temporary  i-elief  may  in  some  cases  be  obtained  li\  the  use  of  adhes- 
ive plaster.     The  end  of  a  stri[)  of  adliesivi-  plasto-.   half  an  inch  or 


4334 


ENTROPION   (TRICHIASIS) 


more  in  width,  may  be  applied  to  the  lid  just  below  the  cilia,  then 
enough  traction  is  made  to  slightly  evert  the  lid  and  about  two  or 
three  inches  of  the  strip  is  made  to  adhere  to  the  cheek.  The  moisture 
of  the  teal's  will  usually  make  this  a  temporary  expedient,  and  the 
strip  may  have  to  be  reapplied  with  each  dressing. 

One  may  employ  strips  of  gauze  stuck  to  the  skin  with  flexible 
collodion,  which  makes  a  more  efficient  dressing  than  the  adhesive 
plaster.  One  end  of  a  strip  of  gauze  is  applied  to  the  lid  as  was  the 
adhesive,  and  made  to  adhere  by  painting  it  with  collodion.  After 
this  has  dried,  the  necessary  amount  of  traction  can  be  made  to 
evert  the  lid  and  then  the  whole  strip,  two  or  three  inches  long,  can 
be  made  to  adhere  to  the  cheek.  That  the  eye  should  be  carefully 
protected   from   the   ether   in   the   collodion   scarcely   needs   mention. 


Graefe  "s   Entiopivim   Forceps. 


If  these  measures  are  not  sufficient  to  keep  the  lid  from  turning 
inward,  recourse  must  be  had  to  sutures  placed  in  the  lid,  and 
allowed  to  remain  until  the  necessity  of  keeping  a  bandage  on  the 
eye  has  passed. 

Gaillard-Arlt  suture.  According  to  Arlt  (Handhuch  der  gesam. 
Augenheilk.,  Graefe-Saemisch,  Vol.  Ill,  p.  457,  1874),  the  method 
of  shortening  and  everting  the  lid  by  means  of  a  suture  w^as  first 
suggested  by  Wardrop. 

Gaillard  {Bulletins  de  la  soc.  tned.  de  Poictiers,  1844)  carried  out 
the  idea  by  introducing  the  sutures  into  the  lid  in  the  following 
manner.  The  needle  entered  the  skin  of  the  lid  not  far  from  the 
inner  angle  of  the  eye  and  slightly  beneath  the  lashes.  It  passed 
downw^ard  beneath  the  fibres  of  the  orbicularis  and  emerged  about 
2  cm.  lower  down.  A  similar  suture  was  placed  near  the  outer  angle 
of  the  lid.  The  sutures  were  firmly  tied  and  allowed  to  cut  them- 
selves out.  The  resulting  linear  sears  were  expected  to  produce 
a  more  or  less  lasting  result. 

Arlt  modified  this  procedure  and  the  Gaillard-Arlt  suture  is  applied 
in  the   following  way.      (See   the  illustration).     Two  sutures,   each 
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armed  with  two  needles,  are  used.  Holding  a  fold  of  skin  of  the 
lower  lid  between  the  finger  and  thumb,  one  of  the  needles  is  passed 
into  the  skin  about  3  or  -1  mm.  from  the  lid  border,  at  the  junction  of 
the  inner  and  middle  thirds  of  the  lid,  and  made  to  emerge  at  the 
outer  side  of  the  fold.  The  other  needle  on  the  same  suture  is  then 
passed  in  a  similar  direction,  entering  the  skin  about  3  mm.  from 
the  point  of  entrance  of  the  first  and  emerging  the  same  distance  from 
the  point  of  exit  of  the  first.  The  points  of  exit  should  be  not  less 
than  15  mm.  below  the  points  of  entrance  of  the  sutures.     The  other 


Ciaillard-ArJt    ISuture    for   Spastic    Entropion. 

surture  is  passed  in  a  similar  manner,  at  the  junction  of  the  unddle 
and  outer  thirds  of  the  lid.  There  are  thus  formed  two  loops  on 
the  skin,  a  few  millimeters  from  the  lid  border,  the  threads  passing 
below  the  fibers  of  the  orbiculai'is.  The  sutures  arc  tied  over  small 
rolls  of  gauze  or  pieces  of  tubing,  and  a  small  roll  of  the  same  is 
also  inserted  Ix'ueath  each  loop,  to  prevent  it  cutting  into  the  skin. 
When  tightening  and  tying  the  sutures,  slight  pressure  is  made 
against  the  tarsus  with  a  probe,  to  facilitate  the  eversion  of  the  lid. 
The  sutures  are  usually  removed  after  two  or  three  days.  The  result 
is  a  temporary  one.  but  it  may  l)e  sufficient  to  iclicve  the  condition 
until  the  dressings  that  were  the  cause  of  the  trouble  can  be  removed. 
If  sui)j)uratioii  should  occur  along  th<'  track  of  tlie  sutures,  the  result- 
ing strands  of  scar  tissue  might  produce  a  more  or  less  permanent 
effect.  This  effect  was  formerly  sought.  l)ut  other  operations  may  be 
done  that  are  more  efficient  when  a  permanent  effect  is  desired. 
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Snellen's  suture  for  entropion.  The  eyelid  may  be  held  with  the 
fingers  or  seized  at  the  free  border  with  a  pair  of  forceps.  A  pair 
of  T-forceps  is  also  suitable  for  this  purpose.  One  needle  of  a  double- 
armed  suture  is  then  passed  from  the  fornix  of  the  conjunctiva 
directly  through  the  lid  and  at  right  angles  to  it.  It  is  then  made 
to  re-enter  the  skin  at  the  point  of  exit  and  is  passed  upwards  beneath 
the  skin  to  within  a  few  millimeters  of  the  eyelash  border.  The 
second  needle  on  the  suture  enters  the  fornix  about  4  mm.  from  the 
entrance  of  the  first,  passes  through  the  lid,  enters  beneath  the  skin 
and  emerges  at  the  free  border  about  4  mm.  from  the  point  of  exit 


Snellen 's  Suture  for  Entropion. 

of  the  first.  The  ends  of  the  thread  are  then  tied  over  a  small  roll 
of  gauze  or  piece  of  small  tubing.  Two  or  three  looped  sutures  may 
be  applied  at  equal  intervals,  and  the  effect,  when  they  are  tied,  is 
to  turn  out  the  lid  border ;  for  the  point  of  fixed  support  is  the  tarso- 
orbital  fascia  near  the  orbital  margin,  and  tightening  the  suture 
tends  to  straighten  the  arc  formed  by  the  line  of  the  suture.  A  band- 
age may  be  applied  and  the  sutures  removed  at  the  end  of  three  or 
four  days. 

Gillet  de  Grandmont  (Bull,  de  la  Soc.  cVOplital.  cle  Paris,  I,  1889), 
modifies  the  suture  of  Snellen  by  passing  it  directly  from  the  inferior 
conjunctival  cul-de-sac  to  the  lid  border  without  having  it  emerge 
through  the  skin.  A  double-armed  suture  similar  to  the  Snellen  is 
used,  and  the  points  of  entrance  in  the  cul-de-sac  are  about  4mm. 
apart.  The  sutures  are  tied  over  a  roll  as  in  the  case  of  the  Snellen 
suture. 

Boeckmann  [Norsk  Magazin  f.  Laegevidensk,  1880,  Vol.  XI)  uses 
loop   sutures   in   spastic    entropion    in    the    following   manner:      The 
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needles  of  a  double-armed  suture  of  silk  or  catgut  are  passed  entirely 
through  the  lid  from  the  conjunctival  side,  the  point  of  entrance  is 
just  below  the  tarsus  for  the  lower  lid  and  slightly  above  the  tarsus 
for  the  upper  lid.  The  points  of  emergence  of  the  suture  in  the  skin 
are  nearer  the  edge  of  the  lid  than  the  points  of  entrance.  He  uses 
one  suture  for  spastic  entropion  of  the  lower  lid ;  three  for  the  upper. 
The  sutures  are  tied  tightly  without  any  roll  and  are  removed  after 
four  or  five  days. 

Allport  {Amcr.  Journ.  of  Ophth.,  March,  1888,  p.  78),  practises 
about  the  same  procedure  as  described  by  Boeekmann  for  spastic 
entropion,  passing  three  loop  sutures  through  the  lid  at  the  level  of 
the  convex  border  of  the  tarsus  and  tying  them  tightly,  thus  fixing 
the  fibers  of  the  or])icuhiris  to  the  tarsus  at  these  points. 


Post's  Entropion  Forceps. 

Dransart  {Jour)Kil  d'Oculislique  du  nord  de  la  France,  Feb.,  1890, 
p.  69),  lias  used  tbe  suture  of  Gillet  de  Grandmont  successfully  in 
entropion  of  the  upjx-r  lid  and  lias  found  it  etfectual  in  cicatricial 
entropion  of  the  lower  lid. 

It  will  be  seen  that  all  of  these  suture  operations  act  by  exerting 
tension  upon  the  skin  fi'oiii  a  fixed  point  of  support  which  is  in  the 
tarso-orbital  fascia,  and  that  the  nearer  the  suture  emerges  to  the 
free  bordei-.  the  greater  will  be  its  power  to  effect  eversion  of  the  lid. 
Furthfniioi-c,  tin;  efi'ect  of  the  operation  will  be  temporary  unless  tbe 
suture  retiiiiitis  long  enough  to  allow  cicatricial  bands  to  I'onii  along 
its  track. 

Montgomery  (Chicafjo  M((l.  Joiint.  and  K.ratniiur.  18S())  j)asse{l  a 
single  suture  the  length  of  the  tarsus  of  tht^  lowei-  lid,  jiaraHel  to  the 
lid  border  and  about  4  or  5  mm.  from  the  line  of  cilia.  Tlie  needle 
entered  at  a  point  near  the  extei-iial  eoimnissnre,  ])asse(l  beneath  tlie 
muscle  and  along  the  tarsus,  to  emerge  at  a  point  4  or  ')  mm.  below 
the  punctum  laehrymale.  The  suture  was  tied  directly  over  the  skin, 
ami,  if  a  teinpufaiy  result   was  desired,  was  removed  a1   llie  einl  of  4 
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or  5  days,  or,  if  a  more  perniaiieiit  result  was  to  be  obtained,  it  was 
allowed  to  cut  its  way  out,  tbus  producing  a  linear  scar  giving  a 
similar  result  to  that  obtained  by  cauterization. 

Cauterization,  in  one  form  or  another,  has  been  used  for  the  cor- 
rection of  entropion  since  the  time  of  the  ancient  Egyptians  who  are 
said  to  have  burned  the  lids  with  red-hot,  gold  plates,  to  destroy  the 
cilia  and  produce  cicatrices.  The  Arabian  physicians  of  the  Xlth  and 
Xllth  centuries  used  the  red-hot  iron  for  the  same  purpose. 

More  recent  operators  (Galezowski,  Trousseau,  Terrien)  have  sub- 
stituted the  thermo-cautery  or  galvano-cautery  and  have  practised 
much  the  same  procedure  as  their  predecessors.  Either  with  the  fin- 
gers or  with  a  lid  clamp  (one  blade  of  which  is  inserted  in  the  con- 
junctival sac)  a  fold  of  the  palpebral  skin  is  raised,  and  with  a  small 


Treacher   Collins'   Entropium   Forceps. 


blade  of  the  cautery  a  line  is  traced,  3  or  4  mm.  from  the  eyelash 
border,  along  the  whole  length  of  the  lid.  The  tissues  along  this  line 
are  burned  through  to  the  tarsus.    General  anesthesia  may  be  required. 

Ziegler  {Journ.  Amer.  Med.  Assoc,  1909,  Vol.  LIII,  p.  183),  obtains 
good  results  in  entropion  of  a  spastic  form  by  a  somewhat  similar 
procedure.  The  lid  is  held  in  the  author's  special  lid  clamp,  the  distal 
edge  of  which  is  straight.  At  a  distance  of  4mm.  from  the  free  border, 
the  short  point  of  a  galvano-cautery  is  passed  through  the  skin  and 
into  the  tarsus.  Several  such  cauterized  punctures  are  made  4  mm. 
from  each  other  along  the  same  line.  Infiltration  anesthesia,  or  slightly 
freezing  the  skin  with  a  spray  of  ethyl  chlorid  may  be  sufficient,  but  in 
many  cases  ether  or  chloroform  narcosis  is  necessary.  The  author  also 
employs  the  same  method  in  ectropion,  the  line  of  punctures  then 
being  made  on  the  conjunctival  surface. 

Chemical  caustics  have  also  been  used  for  producing  cicatricial  con- 
traction of  the  skin  in  these  cases.  Quadri  and  Helling  employed 
sulphuric  acid;  Vienna  paste  has  been  recommended,  and  Theobald 
(A^ner.  Journ.  of  Ophthal.,  Oct.,  1898,  p.  295)   advocates,  for  senile 


ENTROPION   (TRICHIASIS) 


4339 


entropion  of  the  lower  lid  with  relaxed  tissues,  the  use  of  caustic 
potash.  With  a  finely-pointed  crayon  of  potassium  hydrate  he  makes 
an  eschar  3  or  4  mm.  wide,  parallel  with  the  lid  margin  and  extending 
the  length  of  the  tarsus.  The  crayon  is  drawn  back  and  forth  several 
times  over  this  area,  care  being  taken  not  to  get  nearer  than  3  mm. 
to  the  lid  border.  When  the  skin  has  been  destroyed  and  the  deeper 
tissues  assume  a  brownish  color,  the  action  of  the  caustic  should  be 
stopped  by  applying  acetic  acid  diluted  one-half.  A  simple  dressing 
is  all  that  is  required.  If  the  first  application  proves  insufficient  it 
may  be  repeated. 

Correction  of  entropion  hy  excision  of  skin  near  the  border  of  the 
lid.     Operations  of  this  class  have  been  practised  since  the  earliest 
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Oi>eratioii  for  Spastic  Senile  Entropion. 

times.  Celsus  advised  tliis  method,  and  Paulus  ^gineta  is  said  to 
have  devised  a  special  lid  forceps,  possibly  somewhat  like  the  modern 
T-forceps,  with  which  to  seize  the  piece  of  skin  before  excising  it. 

In  many  of  these  operations  the  fiber's  of  the  orbicularis  are  included 
in  the  piece  excised,  and  witliout  doubt  a  part  of  the  good  effect  is 
due  to  this,  the  sphincter  action  of  the  orbicularis  being  in  this  way 
temporarily  checked.  Some  of  them  are  combined  with  caiitliotomy 
or  canthoplasty,  whereby  their  effect  is  increased.  A  simple,  but  very 
effective  operation  of  this  class,  the  origin  of  which  probably  dates 
back  to  aiitir|uity,  is  excision  of  a  horizontal  fold  of  skin,  with,  pos- 
sibly, some  fibers  of  the  orbicularis,  parallel  to  the  lid  boi'dci". 

With  a  T-forceps  a  horizontal  fold  of  skin  of  the  lower  lid  is  seized, 
the  amount  included  in  the  grasp  of  the  forceps  being  just  enough  to 
produce  the  desired  amount  of  eversioii  of  the  lid,  the  foi-ceps  being 
so  placed  that  the  upper  incision  will   fall   ;ihon1   .'hnni.   henealh   the 
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liue  of  the  cilia.  The  incision  is  made  with  an  ordinary  scalpel,  or 
the  skin  may  be  transfixed  by  a  Beer's  knife  along  the  line  to  be  cut, 
the  back  resting  on  the  lid.  This  incision,  extending  nearly  the  length 
of  the  lid,  is  joined  at  either  end  by  a  slightly  curved  one  below  this. 
The  skin  and  muscle  fibers  are  removed  and  the  lips  of  the  wound 
brought  together  with  three  or  four  sutures.      (See  accompanying 


Janson  's  Operation  for  Spastic  Entropion. 

figure).  Care  must  be  taken  that  too  much  tissue  is  not  removed,  lest 
an  ectropion  follow.  The  amount  to  be  taken  must  be  measured  by 
pinching  up  a  fold  either  with  the  T-forceps  or  with  small  toothed 
forceps.  The  resulting  scar  is  slight  and  not  very  noticeable.  This 
operation  is  applicable  in  senile  entropion  associated  with  considerable 
redundancy  of  skin. 

The  operation  of  Janson  (Desmarres'  Traite  des  Maladies  des  Ycu.r, 
1847,  Vol.  I,  p.  497)  (see  the  figure)  is  a  revival  of  an  ancient  opera- 
tion and  consists  in  cutting  out  of  the  lower  lid  one  or  more  oval 
pieces  of  skin.    A  fold  of  integument  at  right  angles  to  the  free  border 
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of  tile  lid  is  seized  witli  a  pair  of  T-foreeps  and  excised  witii  scissors. 
The  lips  of  the  wound  are  then  approximated  with  sutures.  Two  or 
three  such  cuts  are  made  according  to  the  degree  of  the  entropion. 
The  chief  disadvantage  of  this  method  is  that  the  degree  of  eversion 
cannot  be  accurately  determined.  Moreover,  vertical  scars  are  un- 
sightly and  may  cause  a  subsequent  ectropion  by  their  contraction. 

Busch  {Archiv.  f.  Ophth.,  Vol.  I,  Pt.  2,  p.  107),  in  1858,  proposed  an 
operation  of  merit,  not  only  for  spastic  entropion  but  for  certain 
cases  of  mild  cicatricial  entropion  of  the  lower  lids.  A  canthotomy 
of  about  1  cm.  in  length  is  first  done.  From  the  ends  of  tliis  incision 
two  incisions  downward  are  made  to  include  a  triangular  piece  of 
skin,  which  is  then  excised.  The  closure  of  the  triangular  gap  in  the 
skin  with  sutures,  horizontally  placed,  everts  the  lid. 


Graefe's    Operation   for    Entro]ii()ii. 
Incision  from  a  to  b.     Converging  incision  from  c  to  e  and  d  to  e     Triangular 
piece  of  skin  removed.     The  dotted  triangle  indicates  where  the  piece  ot  tai.us 
excised.     Sutures  as  indicated. 

Goldzieher  {Klin.  MonatsU.  f.  Augenh.,  1908,  Vol.  XLVI,  p.  426) 
has  adapted  this  operation  for  cases  of  purely  spastic  senile  entropion 
bv  omitting  the  canthotomy  (which  it  must  be  conceded  is  a  useful 
feature)  and  removing  a  triangle  of  skin  about  5  mm.  from  the  outer 
angle  of  the  lids.  The  base  of  the  tria.igle  is  about  2  cm.  m  lenglli 
with  its  apex  pointing  down\vai<l  and  inward  toward  the  r\u-vk.  I  he 
skin  is  excised  and  the  sutures  are  placed  so  as  to  exert  traetion  down- 
ward and  outward.  /  i     /  • 

Graefe's  operation  for  rntropion  spnslinim.  Tins  op.-ration  {Arrlnr. 
f  Ophth.,  1864,  Vol.  X,  Pt.  2,  ]).  221)  consists  in  a  removal  oi  a 
triangular  piece  of  skin  from  the  lower  lid  in  the  folh.wnig  manner. 
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An  iiicisioii  is  made  about  3  mm.  Trom  the  lid  Ijorder  extending  nearly 
the  entire  length  of  the  lid.  At  the  junction  of  the  middle  and  outer 
thirds  of  this  incision  two  others  are  made  converging  downwards,  of 
such  length  as  to  mark  out  an  equilateral  triangle  (see  the  diagram). 
The  skin  composing  this  triangle  is  then  dissected  off,  and.  the  skin  at 
b  and  c  is  undermined.  The  lateral  borders  of  the  gap  are  then  approx- 
imated with  sutures.  A  couple  of  fine  stitches  may  be  used  to  close 
the  horizontal  cut.  If  the  first  incision  has  been  properly  made,  3  mm. 
from  the  lid  border,  the  upper  suture  will  pass  over  the  inferior  border 
of  the  tarsus  and  by  shortening  tlie  tissues  of  the  lid  at  this  point, 
press  the  inferior  border  of  the  tarsus  backward  and  thus  turn  the 
superior  border  forward.  This  action  may  be  aided  by  placing  a 
small  roll  of  gauze  on  this  point,  to  be  held  in  place  by  the  dressing. 
The  sutures  nuiy  be  removed  in  three  or  four  days.  Before  applying 
the  sutures,  the  upper  skin  flap  may,  if  desired,  be  slightly  dissected 
back  with  scissors  and  the  attached  fibers  of  the  orbicularis  removed. 
In  cases  of  cicatricial  entropion  Graefe  advocated  the  same  procedure 
with  the  additional  removal  of  a  triangular  piece  of  the  tarsus  as 
indicated  by  the  dotted  lines  in  the  figure.  The  objection  to  the  method 
is  the  vertical  scar  that  is  left,  but  aside  from  this  it  remains  one  of 
the  valuable  methods  for  the  correction  of  the  trouble. 

Entropion  operation  of  Panas.  Panas  (Maladies  des  Yeiix,  Vol,  II, 
p.  155)  proposed  the  following  modification  of  excision  of  the  skin, 
which  may  also  include  excision  of  some  of  the  fibers  of  the  orbicularis, 
for  the  relief  of  entropion  of  the  lower  lid  (see  figure).  At  each 
extremity  of  the  lid,  beginning  3  mm.  below  the  free  border,  a  vertical 
incision  is  made  through  the  skin  1  cm.  in  length.  The  lower  extremi- 
ties are  joined  by  an  incision  through  the  skin.  The  flap  thus  marked 
out  is  dissected  away  from  the  underlying  tissue  up  to  the  free  border 
of  the  lid.  By  making  traction  downward  on  this  flap,  one  can  now 
determine  how  much  tissue  along  its  lower  border  it  is  necessary  to 
remove  in  order  to  produce  the  required  eversion  of  the  lashes.  One 
may  also  excise  some  of  the  fibers  of  the  orbicularis  lying  just  beneath 
the  free  border  of  the  lid.  Sutures  are  placed,  as  indicated  in  the  cut, 
to  close  the  wound.  The  resulting  scar  is  not  considerable,  and  is 
largely  concealed  by  the  natural  folds  of  the  skin. 

Correction  of  entropion  hy  excision  of  a  bundle  of  muscle  fibers  near 
the  lid  border.  It  will  be  seen  that  many  operations  designed  to  cor- 
rect entropion  by  the  removal  of  a  strip  of  skin,  combine  with  this  the 
removal  of  some  fibers  of  the  orbicularis,  to  check  the  spastic  action  of 
this  muscle.  Indeed,  it  seems  probable  that  a  certain  amount  of  the 
good  effect  produced  is  the  result  of  such  muscular  excision,  and  the 
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same  might  be  said  of  the  operation  by  cauterization,  which  also  de- 
stroys some  of  the  muscle  bundles  and  thus  limits,  for  a  time  at  least, 
the  sphincter  action  of  the  orbicularis.  This  is  an  important  feature 
of  some  of  the  best  operations  for  entropion,  whether  of  the  spastic 
or  cicatricial  variety,  for  even  in  the  latter  variety,  owing  to  the 
constant  irritation  of  the  eye,  there  is  usually  more  or  less  spasm  of 
the  muscle,  and  the  removal  of  a  portion  of  it  tends  to  check  the 
spasm.  This  principle  will  be  referred  to  in  operations  to  be  later 
described. 


^  )^ 


Panas'   Operation   for   Senile   Spastic   Entropion. 

Vertical  incisions  are  made  from  a  to  b  and  c  to  d,  and  a  connecting  horizontal 
incision  from  b  to  d.  The  flap  a,  e,  f,  c,  is  dissected  up  to  the  free  border,  and 
then  sufficiently  shortened  to  produce  the  desired  result.  Sutures  are  then  placed 
at  the  points  indicated. 

Correction  of  entropion  hy  section  of  tlu  fibers  of  the  orbu'ulnris 
at  the  lateral  raphe.  What  was  said  above  applies  equally  well  here. 
The  division  of  the  outer  canthus  as  in  canthotomy  and  (-aiitlioplasly 
involves  cutting  the  fibers  of  the  orbicularis  that  attach  tlunn  to  the 
lateral  raphe.  When  canthoplaMij  is  used  as  an  aid  to  operations  for  ( n- 
tropion  one  should  snij),  with  pointed  scissors  introduced  into  the 
wound,  the  fibers  of  the  ligament  above  and  below. 

CORRECTION    OF    F.\ULTY    POSITIONS    OF   TIIK   CILIA. 


Removal  of  the  cilia  in  trichicuiis.     When   trichiasis  is  liniitt-d   to 
a  small  j)art  of  the  lid,  or  when  a  few  of  the  cilia  arc  misplaced  and. 
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turning  inward,  irritate  the  eyeball,  they  should  be  removed  either 
by  epilation  or,  better,  by  electrolysis.  The  misplaced  hairs  are 
sometimes  so  fine  and  so  light  colored  that  a  careful  search  with  good 
illumination  and  the  aid  of  a  lens  is  necessary  to  discover  them.  If 
epilation  is  practised  the  hair  is  seized  near  its  base  with  cilia  for- 
ceps and  gently  drawn  (not  jerked)  in  the  direction  of  the  shaft.  Cilia 
forceps  as  manufactured  by  most  instrument  makers  are  ordinarily 
very  imperfect,  and  many  of  them  are  quite  useless  for  the  purpose  for 
which  they  are  intended.  The  opposing  surfaces  at  the  ends  of  the 
blades  should  come  into  perfect  apposition,  otherwise  fine  hairs  will 
not  be  caught.  In  selecting  such  an  instrument  one  should  subject  it 
to  the  test  of  holding  it  up  to  a  light  with  the  blades  closed,  and  noting 
whether  any  light  can  be  seen  between  the  apposed  surfaces  at  the 
ends  of  the  blades.  Too  frequently  it  wall  be  found  that  the  surfaces 
come  into  actual  contact  at  one  small  point  only. 

Even  after  proper  epilation,  however,  it  is  only  a  matter  of  time 
until  the  hairs  grow  again,  so  that  it  is  much  better  to  destroy  the 
hair  follicles  by  means  of  electrolysis. 

Electrolytic  epilation.  It  is  best  to  place  the  patient  in  a  recumbent 
posture  and  in  a  good  light;  oblique  illumination  should  be  used  if 
the  light  is  artificial.  The  operation  is  rather  painful,  so  that  if  a 
number  of  hairs  are  to  be  removed  at  one  treatment  it  is  best  to  inject 
into  the  edge  of  the  lid  a  drop  or  two  of  a  1  per  cent,  cocaine  solution, 
in  addition  to  cocainizing  the  conjunctiva.  This  will  make  less  pain- 
ful the  application  of  some  kind  of  lid  clamp,  or  the  lid  spatula  of 
Jaeger,  which  will  be  useful  to  give  good  support  to  the  lid. 

A  vei*y  fine  needle,  or  a  fine  drill  such  as  is  used  by  jewelers,  is 
mounted  in  a  suitable  handle  that  can  be  connected  with  the  negative 
pole  of  a  galvanic  battery,  which  should  be  provided  with  a  rheostat 
and  a  galvanometer.  A  wet  sponge  electrode  connected  with  the 
positive  pole  is  applied  to  the  neck  or  cheek  of  the  patient. 

If  the  operator  is  in  doubt  as  to  the  polarity  of  the  current  he 
can  easily  determine  it  by  immersing  two  metallic  electrodes  in  a 
glass  of  water,  and  noting  that  when  the  current  is  turned  on,  a 
gi'eater  number  of  bubbles  of  gas  (hydrogen)  accumulate  around  the 
negative  pole,  than  around,  the  positive  (oxygen). 

The  operator  should  use  a  binocular  loupe  (such  as  Jackson's  or 
Buerger's)  in  order  to  pass  the  needle  accurately  along  the  shaft  of  the 
hair  into  its  follicle.  When  the  needle  has  been  thus  passed  into  the 
follicle  to  a  depth  of  2  mm.  to  3  mm.  and  the  sponge  electrode  has  been 
applied  to  the  cheek,  the  current  is  turned  on  and  controlled  by  the 
rheostat  until  the  galvanometer  shows  a  current  of  0.5  to  1  milliam- 
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pere.  Electrolytic  action  is  shown  by  the  bubbles  of  gas  that  accum- 
ulate around  the  needle  and  hair  shaft.  When  this  has  been  continued 
for  nearly  half  a  minute,  the  current  is  gently  turned  off  and  the 
needle  withdrawn.  The  dead  hair  can  then  be  easily  extracted  with 
the  cilia  forceps.  If  any  resistance  is  encountered  in  extracting  it, 
it  is  evidence  that  the  electrolysis  around  the  hair  root  is  not  complete, 
either  because  the  current  was  not  applied  long  enough  or,  more  prob- 
abh^,  because  the  needle  was  not  accurately  placed  in  the  follicle. 
Considerable  care  is  necessary  in  thus  epilating  the  very  fine  hairs 
that  are  so  frequently  the  cause  of  great  annoyance,  but  the  result 
amply  repays  the  effort. 

Complete  removal  of  the  cilia  border  in  trichiasis.  The  operation 
of  "scalping  the  lids"  is  one  that  is  now  rarely  performed,  although 
in  extremely  obstinate  cases  it  may  be  practised.  Naturall}^,  it  is 
more  to  be  avoided  on  the  upper  than  the  lower  lid,  for  the  lashes  of 
the  upper  lid  are  more  essential  to  pi'otection  of  the  eye  than  those  of 
the  lower.  It  was  proliably  suggested  by  the  practice  of  the  ancients 
of  completely  destroying  the  hair  follicles  by  a  hot  iron.  The  method 
that  is  usually  followed  is  that  suggested  by  Flarer. 

Flarer's  operation.  Either  a  horn  plate,  such  as  Jaeger's  lid  spatula, 
or  a  broad  lid-clamp  is  placed  beneath  the  lid,  to  hold  it  firmly  and 
give  support.  With  either  a  keratome  or  a  narrow  scalpel,  such  as 
a  Graefe  cataract  knife,  an  incision  is  made  along  the  whole  length  of 
the  free  border  of  the  lid,  splitting  it  into  two  layers.  In  making  this 
incision  the  gray  line  is  followed  that  lies  between  the  openings  of 
the  Meibomian  glands  and  the  row  of  cilia.  In  cases  where  the  pos- 
terior margin  is  rounded  off,  and  the  row  of  cilia  is  more  or  less 
distorted,  this  gray  line  is  not  well  defined,  and  then  the  operator  in 
making  this  intermarginal  incision  must  take  care  that  all  the  cilia 
lie  in  front  of  it.  The  incision  thus  passes  into  the  loose  connective 
tissue  that  sepai'atcs  the  oiliiciihn'is  from  the  tarsus,  and  should  extend 
in  depth  about  .3inm.,  or  Ix-yond  the  (l<'j)1h  ol'  flic  Ikui-  follich^s. 

An  incision  is  then  math'  in  tlie  skin,  pai'allcl  to  and  about  3  mm. 
from  the  free  border,  and  at  each  extn  niity  of  tliis  another  curved  cut 
is  made  meeting  the  ends  of  the  internuirginal  incision.  This  strip, 
containing  the  cilia,  is  easily  dissected  off.  Care  should  be  taken  that 
all  the  roots  of  the  hairs  are  removed.  Any  black  points  that  remain 
sliould  lie  dissected  out  with  scissors.  The  raw  surface,  which  heals 
by  granulation  in  a  few  days,  may  be  covered  with  a  moist  boric  acid 
dressing. 

The  disadvantages  of  this  iiietliod  are  ol)vious.  It  causes  an  un- 
siglitiy  appearance,  removes  structures  itnpoilani    for  the  |)rote('tion 
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of  the  eyeball  and  in  eases  where  entropion  is  a  marked  feature  leaves 
a  harsh  scar  at  the  lid  border  that  often  irritates  the  eyeball  as  much 
as  did  the  hairs.  It  has  received  an  important  modification  by  Stell- 
wag,  which  Is  applicable  to  cases  in  which  trichiasis,  rather  than 
entropion,  is  the  dominant  feature  of  the  case. 

Flarer-Stellwag  operation  for  trichiasis.  The  operation  {Allege- 
meine  Wiener  med.  Zeitg.,  1883,  Nr.  49)  (see  the  figure)  is  performed 
in  every  respect  like  the  one  just  described,  with  this  addition.    After 


Flarer-Stellwag  Operation  for  Entropion. 

The  cilia  border  is  removed  by  splitting  the  lid  margin  along  the  gray  line,  and 
then  making  an  incision  3  mm.  from  the  free  border.  The  flap  thus  excised  is  then 
reversed. 


the  strip  of  tissue  bearing  the  cilia  has  been  removed,  it  is  placed  in 
warm  normal-salt  solution  (0.5  per  cent.)  until  the  bleeding  of  the  raw- 
surface  at  the  edge  of  the  lid  is  checked.  The  narrow  flap  is  then 
placed  in  a  reversed  position  on  the  raw  surface  (i.  e.,  what  was  the 
temporal  end  of  the  strip  is  placed  at  the  nasal  end  of  the  denuded 
area),  and  is  gently  fitted  into  position.  A  very  fine  stitch  at  either 
end  may  or  may  not  be  necessary.  The  little  flap  is  sprinkled  thickly 
with  iodoform  powder,  and  the  wound  is  then  covered  with  rubber 
tissue,  or  silk  protective,  that  has  been  smeared  over  with  vaseline. 
Over  this  the  dressing  is  placed.  Both  eyes  should  be  bandaged  for 
two  days  to  prevent,  as  far  as  possible,  movement  of  the  lids.     The 
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dressings  may  be  changed  every  day  after  this.  The  lashes  in  the  strip 
usually  fall  out,  but  if  the  flap  is  retained  as  it  usually  is,  the  lid 
border  although  bald,  does  not  present  the  disfiguring  and  irritating 
scar  surface  that  it  would,  after  the  scalping  process. 

Naturally,  this  method  is  more  applicable  to  cases  in  which  the 
whole  row  of  eyelashes  is  symmetrically  turned  inward  than  in 
those  where  the  hairs  are  straggling,  some  of  them  pointing  inwards 
and  many  of  them  outwards. 

Correction  of  faulty  positions  of  the  cilia  hy  clisplacement  of  the 
cilia  border.  Operations  of  this  group  attempt  to  displace  or  trans- 
plant the  cilia  border  in  such  a  way  that  the  lashes  will  not  come  in 
contact  with  the  eyeball. 

Attempts  to  correct  trichiasis  in  this  manner  were  probably  made 
by  the  older  physicians,  and,  it  is  said  that  the  operation,  presently 
to  be  described  as  that  of  Jaesche-Arlt,  is  identical  with  the  one 
described  by  Paulus  ^gineta  in  the  seventh  century. 

In  most  of  the  operations  of  this  class,  in  addition  to  transplanting 
the  cilia-bearing  zone  away  from  the  free  border  of  th©  lid,  there  is 
introduced  the  plastic  feature  of  covering  the  denuded  area  with  skin 
or  mucous  membrane,  in  the  attempt  to  prevent  as  far  as  possible 
the  formation  of  scar  tissue  on  the  free  border. 

Operation  of  Jaesche-Arlt.  An  inlermarginal  incision,  similar 
to  that  described  in  the  Flarer  method  is  made  along  the  whole  length 
of  the  lid,  following  the  gray  line  on  the  free  border.  (Graefe-Sae- 
misch,  Handbuch  der  gcs.  Augenh.,  1st  Ed.,  Vol.  Ill,  p.  447.)  This 
incision  should  be  3  or  4  mm.  in  depth,  and  should  be  so  placed  that 
all  the  lashes  will  be  in  the  anterior  layer  which  is  separated  from 
the  tarsus.  A  fold  of  skin  is  next  removed  from  the  anterior  sur- 
face of  the  lid  in  the  following  manner.  An  incision  is  made  in  the 
skin  parallel  to  the  free  border  and  about  4  mm.  from  it;  above  this 
and  joining  it  at  each  end,  there  is  made  a  curved  incision  through 
the  skin,  which  marks  out  a  crescentic  area  of  skin  that  at  its  \vadest 
part  at  the  middle  of  the  lid  is  about  8  mm.  This  crescentic  piece  of 
skin  is  then  dissected  off  with  blunt-pointed  scissors  or  scalpel,  care 
being  taken  not  to  buttonhole  it,  and  not  to  remove  the  subjacent 
fibers.  The  gap  produced  by  the  excision  of  this  piece  of  skin  is 
then  closed  by  five  or  six  sutures.  Arlt  recommends  that,  in  placing 
them,  the  needle  first  pass  through  the  skin  of  the  upper  edge  of 
the  cilia  flap,  then  include  some  of  the  orbicularis  fibers  over  the 
tarsus  and,  finally,  the  skin  of  the  upper  lip  of  the  wound.  The 
sutures  are  not  cut  off,  but  are  drawn  upwards  to  ca.u.se  the  cilia 
border  to  take  its  new  position   higher  up  on   the  tarsus,  and   are 
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secured  to  the  forehead  over  the  brow  by  an  adhesive  strip.  The  raw 
surface  below  the  cilia  border  is  allowed  to  heal  by  granulation.  This 
ol)jectionable  feature  is  overcome  by  the  plastic  .modification  sug- 
gested by  Waldhauer  {Klin.  Monatshl.  f.  Augenh.,  1883,  XXI,  p.  432), 
of  placing  the  excised  strip  of  skin  on  the  raw  border,  and  the  opera- 
tion is  usually  practised  now  with  this  valuable  modification.  After 
excising  the  strip  of  skin,  which  should  be  as  thin  as  possible,  it  i.s 


Transplantation  of  the  Bed  of  Hair  Follicles  by  the  Method  of  Jaesche-Arlt. 

A.  Cutaneous  incision  and  incision  in  the  interniarginal  line,  m. 

B.  After  tying  the  cutaneous  sutures,  s,  and  implanting  the  piece  of  skin,  h. 

C.  Front  view  after  excision  of  the  skin  has  been  done,  with  the  horn  plate 
inserted. 


placed  in  warm  U.5  per  cent.  XaCl  solution  until  the  wound  in  the  skin 
lias  been  closed,  as  described,  and  the  ])leeding  at  the  border  of  the 
lid  has  been  completely  checked.  It  can  then  be  placed  in  position 
on  the  raw  border  of  the  licl,  and  if  necessary  trimmed  a  little,  to 
make  it  fit  exactl.y.  This  trimming  should  be  done  with  scissors, 
only  after  the  flap  is  in  position  and  held  by  an  assistant.  In  most 
cases  sutures,  are  unnecessary,  but  possibly  a  fine  one  may  be  placed  at 
each  end  and  one  in  the  middle,  if  the  flap  is  not  nicely  apposed. 

Care  should  be  taken  not  to  excise  too  wide  a  piece  of  skin  lest 
ectropion  result.  To  avoid  this,  ])efore  making  the  skin  incision,  the 
operator  should  estimate  the  amount  required  l)y  pincliing  up  a  fold 
of  skin  and  noting  the  effect  on  the  lid  border. 

As  in  all  cases  of  transplantation  of  skin   flaps,  strips  of  rubber 
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tissue  or  oiled  silk  should  be  placed  over  the  wouuds  before  applying 
the  dressing.  The  wound  should  be  dressed  each  day,  and  at  the  end 
of  the  second  day  traction  on  the  sutures  may  be  released.  The  wound 
should  have  healed  sufficiently  by  the  fourth  or  fifth  day  to  allow  the 
removal  of  the  sutures.  Should  the  flap  slough,  it  will  be  necessary 
to  cover  the  granulating  area  with  a  piece  of  hairless  skin  taken  from 
behind  the  ear,  or  with  a  piece  ol'  mucous  membrane  from  the  inner 
surface  of  the  lip. 

The  Jaesche-Arlt  operation,  with  the  important  modification  of 
Waldhauer,  may  be  practised  eitlier  upon  the  upper  or  lower  lid.  It 
is  more  applicable  in  cases  of  partial  or  complete  trichiasis  in  which 
there  is  no  marked  distortion  or  incurving  of  the  tarsus.  It  has  no 
power  to  correct  the  latter  condition,  because  the  sutures  have  no  fixed 
point  of  support,  and  in  such  cases  one  must  have  recourse  to  some 
tarso-plastic  operation. 

Graefe  {Archiv.  f.  OphthaL,  Vol.  X,  2,  p.  221),  observing  that  the 
misplaced  cilia  at  the  extremities  of  the  lid  were  not  (-ontrolled  by  this 
method,  modified  it  in  the  following  manner.  At  each  end  of  the  inter- 
marginal  incision  vertical  incisions  were  made  through  skin  and  muscle, 
so  that  the  whole  cilia  l)order  could  slide  upward.  There  was  tlien 
excised  from  the  upper  lid  an  oval  piece  of  skin  of  sucli  a  size  that 
the  closure  of  the  resulting  gaj)  would  draw  up  tlie  detached  lid  bor- 
der, or  loop  sutures  were  placed  and  tied  over  rolls,  to  remain  a  few 
days  until  the  lid  border  had  become  fixed  in  its  position.  The  new 
border  was  then  allowed  to  heal  by  granulation. 

DeWecker  {Klin.  Monatsbl.  f.  Augcnh.,  1879,  p.  141)  recommended, 
as  a  modification  of  the  Jaesche-Arlt  method,  nuiking  first  a  cantho- 
plasty ;  then,  after  an  interinarginal  incision,  holding  ))a('k  the  detached 
cilia  l)order  by  the  application  of  8  or  4  Gaillard  sutures.  He  allowed 
the  border  to  granulate.  The  procedure  of  Bauchon  {AhikiIcs  <V()vh- 
listiquf,  1879,  Vol.  81 )  was  very  similar  to  that  of  de  Wecker. 

Landolt's  operation  for  the  relief  of  trichiasis.  Landolt  {Arch. 
d'Ophtal.,  Vol.  X,  1890,  p.  1)  changed  the  position  of  the  cilin  in  the 
following  rather  complicated  and  ingenious  manner.  The  margin 
of  the  lid  was  split  along  the  gray  line,  as  in  the  .Jaesche-Arlt  method, 
but  the  incision  was  made  much  deeper,  so  thai  all  the  tissues  were 
sei)arated  from  the  anterior  face  of  the  tarsus.  This  dissection  of 
the  lid  into  two  layers  is  done  with  scalpel  and  scissors.  An  incision 
(see  the  figure)  is  then  made  from  one  ani;-le  of  tlie  lid  lo  1lie  otliei-. 
parallel  to  and  about  :5  iniii.  from  the  lid  border,  tiirougli  the  anlerior 
layer  to  the  tarsus.  There  is  thus  formed  a  bridge  of  tissue  that  in- 
cludes the  cilia  boi'der. 


4350 


ENTROPION  (TRICHIASIS) 


The  eyelashes  are  then  cut  ott'  quite  sliort,  and  tliis  bridge  of  tissue 
is  made  to  glide  under  the  upper  flap,  which  has  been  undermined, 
by  means  of  two  loop  sutures  which,  placed  at  proper  places  in  the 
bridge  flap,  pass  under  the  upper  flap  and  the  skin,  and  emerge  from 
the  skin  at  the  eyebrow.  Enough  traction  is  made  on  these  sutures  to 
bury  completely  the  cilia  border  under  the  upper  flap,  the  lower  edge 
of  which  comes  down  by  its  own  weight,  aided  by  a  little  traction,  to 
form  the  border  of  the  lid.  The  sutures  are  tied  around  a  roll  of  gauze. 
After  healing  has  taken  place,  and  tlie  l)ridge  is  attached  in  its  new 


Landolt  's   Operation   for    Trichiasis. 

The  lid  is  sj^lit  along  the  border  shown  by  the  dotted  line,  a,  b,  and  all  the 
tissues  separated  from  the  tarsus  up  to  or  above  its  superior  border,  indicated  in 
the  cut  by  the  shaded  portion.  An  incision,  c,  d,  is  then  made  3  mm.  from  the 
lid  border,  and  this  bridge  of  tissue,  a,  b,  c,  d,  containing  the  cilia,  is  drawn  up 
under  the  upper  flap  x,  by  loop  sutures,  as  shown  in  the  figure.  The  lower  edger 
of  the  flap,  X,  then  comes  down  to  form  the  border  of  the  lid. 


position  to  the  tarsus,  the  sutures  are  removed.  Another  operation  is 
done  later,  to  liberate  the  eyelashes.  This  procedure  consists  in  making 
an  incision  about  1  mm.  from  the  new  palpebral  border,  parallel  to  it, 
through  which  the  cilia  may  escape. 

Oettingen  {Dorpater  Med.  Zeitschr.,  1871,  Vol.  XI,  Pt.  1,  p.  iS), 
through  a  deep  intermarginal  incision,  separated  the  anterior  layer 
of  the  lid  from  the  tarsus  up  to  its  superior  border,  so  that  the  cilia 
zone  could  be  drawn  upward  and  fixed  to  a  new  position  on  the  tarsus 
by  means  of  sutures  which  were  passed  through  the  skin  near  the 
lashes  and  into  the  tarsus  near  its  superior  border. 

The  operation  of  Kostomiris  {Wiener  Med.  Presse,  1880),  was  done 
in  much  the  same  manner. 
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Treatment  of  the  free  border  of  the  lid  by  implaittaiwn  of  skin.  It 
was  soon  discovered  that  the  margiuo-plastic  principle  was  necessary 
to  prevent  the  cicatrix  at  the  lid  border  from  drawing  the  cilia  back 
into  their  old  faulty  position,  and,  so,  in  the  evolution  of  operations 
for  trichiasis  and  entropion  this  principle  came  to  be  used  more  and 
more.  The  first  to  make  use  of  it  was  Spencer  Watson  {3Ied.  Times 
and  Gazette,  Vol.  XLIX.,  1874;  Trans.  Oph.  Soc.  U.  K.,  Vol.  XIV.,  p. 
17),  whose  operation  marks  a  distinct  advance  in  the  treatment  of 
trichiasis.  He  devised  an  operation  for  complete  and  another  for 
partial  trichiasis  which  will  be  described  somewhat  at  length,  because 
of  its  influence  upon  later  operations  of  this  class. 

Operation  of  Spencer  Watson  for  co^nplete  trichiasis.  An  intennar- 
ginal  incision  is  made,  in  the  gi'ay  line  mentioned,  from  one  extremity 
of  the  lid  to  the  other,  about  3  or  4  mm.  in  depth,  splitting  the  lid  into 
two  layers,  exactly  as  in  the  operation  of  Jaesche-Arlt.  An  incision 
of  the  same  length  is  then  made,  about  4  mm.  from  the  cilia  boi'dci- 
and  parallel  with  it,  that  extends  througli  skin  and  muscle  to  the  tarsus. 
By  loosening  this  there  is  formed  a  bridge  of  tissue,  a,  b,  c,  d,  con- 
taining all  the  structures  of  the  lid  border  lying  in  front  of  the  tarsus 
(see  the  illustration).  A  third  curved  incision  is  then  made  through 
the  skin  and  muscle  of  the  lid,  beginning  about  6  mm.  from  one  end 
of  the  skin  incision,  c,  d,  and  meeting  it  about  6  mm.  from  the  other 
end,  e,  f.  This  curved  incision  should  pass  through  all  the  structures 
to,  but  not  into,  the  tarsus.  There  is  thus  marked  out  by  these  two  skin 
incisions  an  island  of  skin,  c,  d,  e,  f.  The  tissues  above  this  island 
are  then  lightly  dissected  back,  so  as  to  form  a  raw  area  into  which 
is  to  fit  the  bridge  bearing  the  cilia.  The  parts  are  then  transposed 
so  that  the  bridge  of  tissue  is  placed  in  the  gap  above  the  island, 
where  it  may  be  secured  by  fine  sutures,  while  the  lower  edg6  of  the 
island  is  drawn  down  where  it  may  be  secured  by  two  or  three  fine 
sutures.  The  usual  moist  dressing  is  applied  and  the  sutures  may  be 
removed  in  a  few  days.  This  operation  is  a  distinct  improvement  over 
the  Jaesche-Arlt  procedure  in  that  no  raw  surface  is  left  to  granulate, 
and  it  removes  the  faulty  cilia  a  safe  distance  from  the  eyeball.  In 
this  respect,  however,  it  has  no  advantage  over  the  Waldhauer  mod- 
ification of  the  Arlt  operation,  which  was  probably  suggested  l)y  it. 
The  fine  hairs  on  the  island  of  skin  that  is  brought  down  to  the  lid 
border,  may,  if  there  is  continuing  entropion,  turn  inwards  and  irritate 
the  eye.  Like  the  preceding  operations  it  is  not  sufficient  when  there 
is  marked  incurving  of  the  tarsus. 

The  fact  that  in  many  cases  of  entropion  and  tridiiasis  llie  defonnity 
exists  at  one  or  other  end  of  flic  lid  suggested  to  Watson  {Uoyal  Lond. 
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Opiitlial.  Hasp,  lie  p.,  Vol.  VII,  187;>,  p.  -I-IU)  an  operation  for  partial 
trichiasis,  based  on  the  same  principle. 

Operation  of  Spencer  Watson  for  partial  tricJiiasLs.     An  intermar- 
ginal  incision  is  made  along:  the  gray  line  from  the  outer  angle  of  the 


Spencer   Watson 's    Operation    for    Complete   Trichiasis.      First   Stage. 

Incision  made  through  the  skin  to  the  tarsus  along  the  line  c.  d.  Lid  margin 
split  along  the  grey  line  from  a  to  b,  and  bridge  of  skin,  3.  Dissected  up  from 
the  tarsus.  Incision  along  the  line,  e,  g,  f,  to  the  tarsus  inclosing  the  island  of 
skin,  2.      (After  Grinisdale  and  Brewerton.) 


Spencer  Watson 's  02:ieration  for  Complete  Trichiasis.     Second  Stage. 

Tissues  above  the  island,  2,  are  lightly  dissected  back,  given  a  raw  area, 
c,  d,  e,  f,  g,  into  whicli  the  bridge  of  skin  from  the  edge  of  the  lid  is  to  be  placed. 
(After  Grinisdale  and  Brewerton.) 


lid  to  a  point  1  or  2  mm.  beyond  where  the  lashes  are  misplaced,  so 
as  to  include  all  the  offending  zone.  At  the  outer  angle  this  incision 
passes  into  the  skin  1  or  2  mm.,  makes  a  sharp  turn  and  then  continues 
with  an  incision  that  runs  parallel  to  the  free  border  about  3  or  4  mm. 
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from  it.  It  then  exteiitls  up  to  a  point  corresponding  to  the  interniar- 
ginal  incision.  At  this  point,  with  a  sharp  turn,  the  incision  is  made 
toward  the  temple  about  4  mm.  al)ove  the  preceding  one.  There  are 
thus  marked  out  two  narrow,  tongue-shaped  flaps,  the  lower  being  the 


Spencer  Watson's   Operation   for   Complete   Trichiasis.     Third   Stage. 

Bridge  of  skin  bearing  the  eyelashes,  a,  b,  c,  d,  i)Iaced  in  the  gap.  The  island, 
2,  brought  down  to  help  cover  the  denuded  margin  of  the  tarsus.  (After  Clrimsdale 
and  Brewerton.) 


--?>r^n'^^'^ 


S[»encer  Watson  's  Oj)er:iti()ii   for   I'aitial  Triidiiasis. 

A.  Incision  through  the  gray  line  separating  the  Hap,  b,  hearing  the  eyelashes. 
a  Upper  tlaj). 

B.  Position  of  flaps  when  transposed.      (After  Czermak.) 

cilia  border  with  its  attached  base  toward  the  center  of  tlie  lid,  the 
upper  of  skin,  with  its  attached  base  toward  the  temple.  The  incisions 
should  be  .so  made  that  the  tongue-shaped  flaps  will  be  sonn'w  hat 
longer  than   Hie   inter'niarginal    incision   to  allow    for  shrinkage.      The 
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narrow,  pedunculated  flaps  aro  then  t'oinpletely  dissected  from  the 
underlying  tissue,  care  being  taken  that  the  upper  one  includes  only 
skin  without  the  muscle  fibers,  while  the  lower  one  contains  all  the 
misplaced  cilia.  The  flaps  are  then  transposed  so  that  the  apex  of  the 
upper  flap  (see  the  figure)  will  take  a  position  on  the  edge  of  the  lid 
at  the  central  end  of  the  intermarginal  incision  and  its  lower  border 
will  form  the  border  of  the  lid.  The  lower  flap  will  take  its  place  with 
the  apex  at  the  temporal  end  of  the  upper  incision  and  the  row  of 
lashes  in  contact  with  the  upper  edge  of  flap  a.  The  span  of  each 
flap  can  be  united  to  the  skin  at  the  angle,  where  it  is  to  rest,  with  a 
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operation   of   Nicati   for   Trichiasis. 

The  lid  border,  a,  b,  is  planted  into  a  new  position.     The  skin  has  been  drawn 
down  to  form  the  new  border,  c,  d. 

very  fine  suture,  and  a  few  fine  sutures  can  be  placed  along  the  line 
of  each  flap,  although  not  many,  for  the  flaps  are  very  delicate.  None 
is  required  at  the  lid  border.  The  handling  of  the  narrow  flaps  is 
facilitated  by  placing  the  suture  in  the  end  of  each  before  it  is  dis- 
sected off.  Rubber  tissue  is  placed  over  the  wound  and  the  usual  moist 
dressing  is  applied. 

The  principle  involved  in  Spencer  Watson's  method  was  followed  by 
numerous  operators,  who  make  use  of  pedunculated  flaps  of  skin  or 
mucous  membrane  to  fill  in  the  gap  after  displacing  the  cilia  border. 

Nicati  {Marseille  Medicale,  1879,  p.  99;  also  Arckiv.  d'Ophtal- 
mologie,  1883,  p.  395)  practised  a  method  almost  identical  with  that  of 
Spencer  Watson  for  partial  trichiasis,  applicable  to  cases  in  which  the 
lashes  are  misplaced  at  the  palpebral  extremities.  (See  the  figure). 
To  this  he  gave  the  name  "margino-plasty. "  It  is  performed  by 
splitting  that  portion  of  the  lid  border  that  is  affected,  making  an 
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incision  parallel  to  the  lid  border  iu  part  of  its  course  and  then  direct- 
ing it  slightly  upward  to  make  a  large  base  that  will  insure  the  viability 
of  the  flap.  This  flap,  with  its  base  toward  the  center  of  the  lid  and 
containing  the  cilia  border,  is  then  dissected  up.  while  the  lower  edge 
of  the  skin  just  above  it  is  drawn  down  to  form  the  lid  border.  Then 
another  cut  is  made  in  the  skin  surface  at  a  suitable  place  to  form  a 
gap  into  which  to  plant  the  cilia  border  and  to  secure  it  with  a  few 
sutures. 

Gayet  {Annales  d'OcuIistique,  1882,  Vol.  87,  p.  27)  observing  that 
the  long  skin  flaps  made  by  the  Spencer  Watson  operation  were  liable 
to  necrosis,  advised  that  the  flaps  include  all  the  tissues  dovni  to  the 


Operation  of  Gayet  for  Trichiasis. 

The  flap,  a,  b,  composed  of  all  tissues  down  to  the  tarsus  is  dissected  up  and 
placed  in  the  gap  made  by  splitting  the  lid  along  the  margin  and  retracting 
the  cilia  border.    It  is  held  in  place  by  a  few  sutures. 

tarsus.  After  freely  splitting  the  lid,  he  placed  in  the  gap  a  long  luir- 
row,  pedunculated  flap,  with  a  base,  as  large  as  possible,  outward. 
This  flap  was  taken  from  the  lid  2  or  3  mm.  above  the  lid  border. 

Dianoux  {Annales  d'Oculistiquc,  1882,  Vol.  88,  p.  132)  under  the 
name  autoplastie  palpcbrulc,  suggested  a  method  very  similar  to  Spen- 
cer Watson's.  He  split  the  lid  freely  and  made  a  bridge  of  the  cilia 
border  by  an  incision  parallel  to  the  free  border  and  about  4  mm.  from 
it.  Above  this  incisioii  and  parallel  to  it  another  incision  was  made, 
and  tliis  was  uiidcriiiincd  so  that  a  second  bridge,  of  iiitcLiuiiiciil  aloiir. 
was  made.  (See  the  illusli-ations).  These  bridges  were  tlien  transi)os('d 
so  that  the  lower  edge  of  the  upper  one  came  to  the  border  of  the  lid. 
When  the  flaps  were  healed  in  place,  the  one  rdrming  llic  lid  border 
was  freed  by  an  incision  at  each  end. 

True  and  Villard  {Annales  d'Oculistique,  1004,  Vol.  131,  p.  439) 
make  use  of  a  pedunculated  flap  for  curving  the  lid  border,  essentially 
as  accom})lished  in  the  Spencer  Watson  operation. 
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The  iutroiliu-tion  of  peduiR-ulati'd  Haps  to  restore  the  lid  border, 
after  suitably  displacing  the  zone  of  cilia,  marks  a  distinct  advance  in 
the  treatment  of  trichiasis,  although  it  does  not  coi'rect  the  deformity 
of  the  tarsus  incident  to  the  contraction  of  cicatricial  issue  on  its  con- 
junctival surface.  I-'''nrtliermor(\  it  is  open  to  the  objection  that  in 
many  instances  tlie  fine  bairs  on  the  skin  flap  come  in  contact  with  the 
eyeball  and  cause  irritation,  especially  if  the  contraction  of  the  lid 
continues. 


Operation  of  Dianoux  for  Entropion.     First  Stage. 

The  lid  border  is  split  along  the  gray  line.  An  incision,  3  mm.  above  the  lashes, 
forms  the  bridge,  a.  Another  bridge  of  integument,  b,  is  made  by  an  incision 
3  mm.  higher. 


Operation  of  Dianoux  for  Entro]non.     Final  stage.     Transposition  of  flaps  a  and  b. 


Again,  it  is  urged  as  a  disadvantage  of  this  method  that  the  skin 
epithelium  on  the  new  lid  border  is  harsh  and  irritating  to  the  eyeball 
in  those  cases  in  which  the  inversion  of  the  lid  margin  recurs  in  cica- 
tricial entropion.  Hence,  it  is  not  applicable  to  such  cases,  unless  at 
the  same  time  the  deformity  of  the  tarsus  is  corrected  by  some  plastic 
procedure. 

To  overcome  the  objection  of  the  irritating  effect  of  the  skin  flap 
on  the  eyeball,  Van  Millingen   (Archives  d'Ophial,  1888,  Vol.  VIIT, 
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p.  60;  also  Ccntralbl.  f.  prak.  Auymh.,  July,  1889,  p.  193)  was  the  first 
to  propose  and  practise  the  use  of  mucous  flaps  to  restore  the  lid  border. 
He  urged,  also,  as  a  further  reason  for  their  use,  the  marked  atrophy 
and  contraction  of  the  conjunctiva  in  cases  of  cicatricial  entropion, 
such  as  occur  in  the  course  of  trachoma,  the  very  cases  in  which  lid 
border  operations  are  most  essential,  because  of  the  rounding  off  of 
the  posterior  margin  of  the  free  border,  from  shrinking  and  attrition. 

TREATMENT  OF  THE  FREE  BORDER  OF  THE  LID  BV  IM  PLANTATION-  OF  FLAPS 

OF    MUCOUS    MEMBRANE. 

Van  Millingen's  opf ration  for  <ntropion.     Tlie  lid  is  split  deeply 
by  making  an  intermarginal  incision  along  the  gray  line  that  includes 


Operation  of  Van  Millin<fen  for  I'liitropioii. 

The  wound  in  the  cd^e  of  the  lid,  a,  b,  is  made  to  yajie  widely  with  sutures; 
into  it  is  placed  the  flap  of  mucous  membrane. 


all  the  affected  zone.  To  make  this  wound  gape  widely,  sutures  are 
placed  in  the  edge  of  the  wound  formed  by  the  cilia  hoi-dcr  and  then 
attached  to  the  skin  just  beneath  the  eyebrow.  (See  figure).  Witii 
scalpel  and  scissors  a  flap  of  mucous  m<'ml)ran<'  is  cut  from  the  inner 
surface  of  the  lip,  about  4  miiL  wide  and  of  sul'liciiMit  Icngtii  to  fill  the 
gap  in  the  margin  of  the  lid.  This  is  done  alter  the  bleeding  has 
entirely  stopped.  Xo  sutures  are  used  to  hold  the  mucous  graft  in  place, 
as  it  adheres  to  the  raw  surface  and  is  usually  retained.  Care  should 
be  taken  in  cutting  such  a  mncous  graft,  that  it  does  not  include  the 
submucous  fat.  If  such  is  tlie  case,  it  slionid  be  trimmed  off  witii 
scissors  before  i1  is  inserted  into  the  lid.  'i'lie  tension  sntnces  are  to 
remain   for  two  or  three  days.      \'an   .Millingen  emphasizes  the  impor- 
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tanee  of  a  liberal  flap,  and  wide  separation  of  the  lips  of  the  wound 
at  the  lid  margin. 

Gifford  {The  Oph.  liccord,  Dec,  1897,  p.  640)  has  invented  a  useful 
clamp  that  much  facilitates  the  excision  of  mucous  grafts  in  these  and 
similar  operations. 

Entropion  operation  of  MutermiJch.  This  is  a  useful  modification 
{Annates  d'Oculistique,  Vol.  125,  1901,  p.  5)  of  the  operation  of  Van 
Millingen  and  is  designed  to  insure  the  fixation  of  the  mucous  flap. 
The  lid  is  split  as  before  described  and,  at  each  end  of  the  cut  in  the 


B 

Operation  of  Mutermilch  for  Entropion. 

A.  a,  b.  Wound  in  the  lid  margin  made  by  intermarginal  and  lateral  incisions. 
Sutures  are  placed  in  the  lips  of  the  wound  to  form  loops  into  which  the  mucous 
gi-aft  is  placed. 

B.  Mucous  graft  held  in  position  in  the  intermarginal  wound. 


margin  of  the  lid,  a  vertical  incision  through  the  cilia  border  is  made 
so  that  the  extremities  of  the  wound  will  be  as  wide  as  the  middle. 
Three  fine  sutures  are  then  placed  through  the  edges  of  the  wound  in 
such  a  way  that  loops  span  the  gap  (see  the  figures),  and  into  these 
loops  the  strip  of  mucous  membrane  is  placed.  Drawing  upon  the 
upper  end  of  each  suture  presses  the  graft  into  position  and  holds  it. 
The  sutures  are  then  knotted  and  fixed  to  the  skin  above  the  brow 
by  collodion  or  a  piece  of  adhesive.  All  bleeding  should  have  stopped 
before  the  graft  is  put  in  place.  A  moist  aseptic  dressing  should  be 
placed  over  the  eye  and  the  sutures  need  not  be  removed  for  three  or 
four  days. 
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Story  {Ophthalmic  Ucvitw,  '\o\.  IV,  p.  72)  advocates  the  use  of  a 
mucous  graft  in  operation  for  entropion,  and  recommends  that  it  be 
secured  in  position  in  the  following  manner :  A  knot  is  tied  in  a  suture 
a  few  inches  from  its  distal  end,  and  with  a  tine  needle  the  suture  is 
then  passed  through  the  end  of  the  mucous  tiap  from  without  inwards, 
so  that  the  knot  will  come  against  the  mucous  surface.  A  similar 
knotted  suture  is  then  passed  through  the  other  end  of  the  mucous 
flap  in  the  same  way.  These  sutures  may  be  passed  through  the  ends 
of  the  flap  before  it  is  completely  detached  from  the  lip.  When  it  is 
removed  it  can  be  easily  handled  with  the  help  of  these  sutures;  and 
all  the  fat  should  be  dissected  away  from  its  raw  surface. 

The  needles  are  then  passed  into  the  bottom  of  the  wound  at  each 
end  of  the  lid  incision.  They  emerge  from  the  skin  a  short  distance 
from  the  cilia  border.  By  the  help  of  the  knots  which  rest  against 
the  mucous  surface,  the  flap  can  now  be  drawn  into  position  in  the  inter- 
marginal  gap,  and  the  sutures  can  be  gently  tied,  care  being  taken  to 
keep  the  traction  on  the  upper  end,  so  that  the  flap  will  not  be  dis- 
placed. Story  advises  one  to  place  other  fine  sutures  along  the  edge  of 
the  flap. 

lienson  also  favors  suturing  the  mucous  flap  in  i)Osition,  and  prefers 
to  leave  the  clamp  on  the  lid  until  this  is  accomplished.  The  bleeding 
that  follows  its  removal  can  be  checked  by  gentle  pressure  for  a  time 
with  a  piece  of  moist  gauze.  He  reports  128  cases  of  entropion,  satis- 
factorily operated  on  by  this  method. 

Correction  of  distortion  and  incurving  of  the  tarsus.  One  of  the 
most  important  facts  to  consider  in  the  treatment  of  trichiasis  and 
entropion,  particularly  in  those  cases  that  occur  as  a  result  of  trachoma, 
is  the  changes  that  take  place  in  the  tarsus.  In  the  early  stages  of 
the  disease  the  tarsus  may  be  thickened  and  enlarged  from  cell  infil- 
tration, but  gradually  this  decreases  as  new  cicatricial  tissue  is  formed 
and  the  tarsus  becomes  smaller  and  deformed  because  of  the  contraction 
of  the  scar  tissue,  until  in  certain  advanced  cases  it  is  markedly  atro- 
phied. The  tarsus  becomes  changed  in  shape,  its  under  surface  is 
more  concave  and  its  anterior  surface  more  convex — conditions  aided 
by  the  shrinkage  of  the  conjunctiva.  This  cicatricial  change,  if  it  in- 
volves the  cilia  border,  causes  distortion  of  the  bail-  follicles,  and  so 
trichiasis  results.  As  a  consequence  of  the  continued  nibbing  of  the 
posterior  margin  of  the  free  border  against  the  eyi-hjill,  lliis  sliai-p 
margin  becomes  rounded  or  beveled,  and  the  free  border  with  its  oily 
surface,  to  wliidi  iinpal|)able  dust  adiiei-es.  is  constantly  rubbing  against 
the  cornea.  Hven  iF  the  laslies  do  not  toudi  the  eyel)iill  there  is  great 
irritation  of  the  eye  in  sneji  cases,  probably  because  of  the  fine  par- 
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tides  oi"  dust  that  adhere  to  the  edge  of  the  lid  and  are  rubbed  against 
the  sensitive  eornea.  In  such  eases  no  operation  is  sufficient  that  does 
not  correct  this  incurving  of  the  tarsus,  by  turning  out  the  free  border 
of  the  lid.  Some  operations  of  the  class  about  to  be  considered  aim  to 
correct  the  deforuuty  of  the  tarsus  by  means  of  tension  sutures  that 
have  a  fixed  point  of  support,  and  in  this  class  miglit  be  included 
some  of  the  suture  operations  of  Snellen,  Boeckraann  and  others, 
although  their  results  are  rather  temporary,  and  they  are  applicable 
more  to  spastic  than  to  cicatricial  entropion.  A  large  number  however, 
accomplish  the  result  with  section  or  partial  excision  of  the  tarsus 
itself,  and  this  method,  combined  with  tension  sutures,  furnishes  a  most 
efficacious  means  of  treating  cicatricial  entropion. 

Correction  of  incurving  of  the  tarsus  by  tension  sutures.  The  oper- 
ation of  Hotz  {ArcJiiv.  f.  Augenh.,  IX,  1880,  p.  68 ;  also  Klin.  Monatshl. 
f.  AugenJi.,  1880,  XVIII,  p.  149)  is  one  of  the  best  types  of  operation 
with  tension  sutures,  and  when  combined  with  excision  of  a  wedge- 
shaped  strip  from  the  anterior  face  of  the  tarsus,  as  this  author  later 
advocated,  forms  one  of  the  best  operations  known. 

The  Hotz  operation  for  entropion  and  trichiasis.  A  lid  clamp  or 
the  horn  plate  of  Jaeger  may  be  used,  but  Hotz  himself  used  neither, 
making  downward  tension  of  the  lid  by  grasping  the  cilia  with  finger 
and  thumb  and  cutting  down  directly  to  the  tarsus.  General  anesthesia 
may  be  necessary,  but  if  the  clamp  is  used,  loeal  anesthesia  is  usually 
sufficient.  (See  the  illustration.)  A  curved  incision,  parallel  to  the 
superior  border  of  the  tarsus  and  a  few  millimeters  below  it  (for 
the  upper  lid)  is  made  through  skin  and  muscle  down  to  the  tarsus, 
beginning  2  mm.  above  the  inner  angle  and  ending  2  mm.  above  the 
outer  angle  of  the  lid.  For  the  lower  lid  this  incision  is  made  parallel 
to  the  lid  border  and  2  or  4  mm.  from  it,  because  of  the  narrow  tarsus. 
The  upper  and  lower  flaps  are  then  separated  from  the  tarsus  by  blunt 
dissection,  so  that  the  whole  lid  plate  is  exposed  to  view  except  at  the 
lid  border,  where  the  dissection  is  stopped  as  soon  as  the  black  points 
of  the  eyelash  follicles  are  encountered.  The  next  step,  an  important 
one,  is  to  dissect  off  the  muscle  bundles  from  the  inner  side  of  the 
lower  flap.  This  is  best  done,  with  least  risk  of  puncturing  the  skin, 
if  the  assistant  seizes  the  skin  at  the  edge  of  the  flap  with  a  fine-toothed 
forceps  and  gently  stretches  it  at  right  angles  to  the  tarsus,  while  the 
operator  grasps  the  bundle  of  muscle  fibers  with  toothed  forceps  and 
dissects  them  off  with  delicate  blunt-pointed  scissors.  If  muscle  fibers 
overlap  the  upper  border  of  the  tarsus,  these  should  also  be  excised. 
If  the  clamp  is  used,  it  should  be  removed  at  this  stage,  and  the  bleed- 
ing checked.    Sutures,  three  or  four,  according  to  the  size  of  the  wound, 
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are  placed  in  the  following  manner:  The  lower  skin  flap  is  piereed 
2  mm.  from  its  edge,  the  needle  is  then  passed  throngli  the  upper  bor- 
der of  the  tarsus  to  emerge  through  the  fascia  attached  to  it,  and  finally 
comes  out  through  the  edge  of  the  upper  flap,  not,  however,  including 
any  muscle  libers.  Passing  the  suture  through  the  upper  border  of 
the  tarsus  is  much  facilitated  if  the  operator  pick  up  the  tarsus  with 
the  point  of  the  needle  so  that  he  can  grasp  the  edge  of  it  near  the 
point  that  he  wishes  to  transfix.     Tying  the  sutures  brings  the  lower 


The  llotz  ()j)eiation  for   Kntioiiioii. 


A.  Incision,  a,  b,  being  sejiuruted,  c.xi)Osos  the  face  of  the  tarsus,  1. 

B.  Muscle  dissected  from  the  lower  skin  flap,  c ;  Sutures,  s,  pass  through  the 
lower  skin  flap,  upi)er  edge  of  the  tarsus  and  fascia,  T,  and  coinc  out  through  the 
edge  of  the  upper  skin  fla]>,  d. 

skin  flap  in  contact  with  the  surface  of  the  tarsus,  where  it  becomes 
fixed,  and  at  the  same  time  closes  tlie  wound.  Care  sliould  be  taken 
that  tlie  lips  of  the  wound  are  well  coapted.  The  tension  exerted  by 
the  lower  flap,  from  its  li.xed  point  of  support  at  the  upper  edge  of  the 
tarsus,  turns  out  the  edge  of  the  lid.  A  moist  dressing  is  used,  and 
the  sutures,  may  l)e  removed  at  the  end  of  the  third  or  fourtli  day. 
Ilotz  in  a  latei-  eommunii-jit  i(»n  (Klin.  Monalshl.  f.  Aii</(  iih.,  ISSS,  N'ol. 
LVI,  J).  08)  coMd)ined  with  his  operation  excision  of  a  wedge-shajx'd 
strip  of  the  tarsus  near  Hie  lid  boi'der  in  extrenw  eases  of  entropion, 
and  at  the  present  ilay.  tin'  operation  is  fre(piently  made  with  this 
modification. 
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Aiiagiiostakis  {Annalcs  d'Ooulistique,  1857,  XXXVIII,  p.  5)  was 
probably  the  first  to  call  attention  to  the  principle  contained  in  the 
Hotz  operation,  viz.,  attaching  the  cilia  border  to  the  upper  margin 
of  tlie  tarsus  by  means  of  a  skin  tlap. 

He  made  the  incision  nearer  (about  3  mm.)  the  lid  border,  by 
which  the  everting  eifect  is  considerably  increased,  and  also  excised 
the  muscle  fibers  from  the  anterior  surface  of  the  tarsus.  With  sutures 
he  then  united  the  lower  skin  flap  to  the  upper  border  of  the  tarsus. 

Warlomont  {Annales  dVculistiquo,  1874,  Vol.  71,  p.  221),  following 
the  same  idea,  made  an  incision  parallel  to  the  lid  margin,  cut  away 
the  muscle  bundles  and  sewed  the  lower  skin  flap  to  the  fascia  above 
the  tarsus. 

Pagenstecher  {Archiu.  fiir  Ophthal.,  Vol.  XXXVI,  4,  p.  265)  mod- 
ified the  operation  of  Hotz  by  passing  the  sutures  in  such  a  way  that 
the  tendon  of  the  levator  was  advanced,  and  the  skin  of  the  lid  was 
given  an  attachment  to  it.  An  incision,  parallel  to  the  lid  border, 
and  about  l^/^  mm.  below  the  upper  border  of  the  tarsus  was  made, 
exposing  the  tarsus.  The  lower  flap  was  then  carefully  separated 
from  the  tarsus  and  drawn  down,  the  upper  lip  of  the  wound,  with 
all  the  muscle  fibers,  was  retracted  upward,  so  as  to  expose  the  upper 
margin  of  the  tarsus  and  the  expansion  of  the  levator  tendon. 

In  placing  the  sutures,  the  needle  passes  through  the  lower  flap, 
about  1  mm.  from  the  cilia  border.  The  operator  then  seizes  the  ten- 
don of  the  levator  immediately  above  the  superior  tarsal  margin  with 
a  toothed  forceps  and  passes  the  needle  through  the  upper  margin 
of  the  tarsus  and  through  the  fold  of  tendon  and  fascia  in  the  grasp 
of  the  forceps.  The  needle  is  then  passed  through  muscle  and  skin 
of  the  upper  lip  of  the  wound,  some  distance  from  its  edge.  Sutures 
on  either  side  of  the  middle  one  are  then  passed  in  the  same  manner. 
Care  must  be  taken  in  tying  the  sutures  that  the  edges  of  the  wound 
are  well  coapted. 

This  operation  of  Pagenstecher  not  only  tends  to  withdraw  the 
cilia  from  the  eyeball,  because  of  drawing  up  the  lower  skin  flap,  but 
also  tends  to  raise  the  whole  lid  by  shortening  somewhat  the  tendon 
of  the  levator,  which  is  included  in  the  suture.  It  is  thus  beneficial  in 
correcting  the  slight  ptosis  which  is  so  frequently  present  in  cases 
of  entropion  from  trachoma.  The  same  may  be  said  of  the  operation 
of  Hotz,  Anagnostakis  and  Warlomont,  although  to  a  less  degree. 
One  should  remember,  therefore,  that,  by  placing  the  suture  so  as 
to  include  both  the  superior  border  of  the  tarsus  and  a  fold  of  the 
tarso-orbital  fascia,  together  with  the  tendon  of  the  levator,  not  only 
the  entropion  will  be  corrected,  but  the  ptosis  as  well. 
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CORRECTIOX   OF  DISTORTION  AND  INCURVING  OF  THE   TARSUS  BY  SECTION  OR 

PARTIAL    EXCISION    OF   IT    OR   A    COMBINATION    OF    THIS 

WITH    SUTURES.        TARSOPLASTY. 

Operations  of  this  class  mark  a  distinct  improvement  in  the  treat- 
ment of  cicatricial  entropion,  especially  in  eases  where  the  tarsus  is 
thickened  and  incurved.  The  objection  that  by  excision  of  a  piece 
of  the  tarsus,  the  lid  is  shortened  is  not  valid  in  most  cases,  inasmuch 
as  the  amount  usually  removed,  a  strip  at  most  2  or  3  mm.  wide,  can- 
not effect  shortening  to  any  serious  extent.  Furthermore,  in  just  the 
cases  where  it  is  indicated,  there  is  frequently  a  mild  degree  of  ptosis, 
so  that  the  slight  shortening  that  might  result  would  be  more  beneficial 
than  otherwise. 

The  criticism  that  section  or  resection  of  the  tarsus  disturbs  the 
]\Ieibomian  glands,  or  even  destroys  them,  is  hardly  a  reasonable  one, 
for  in  the  class  of  eases  in  which  this  treatment  is  applicable,  the 
glands  are  proljably  to  a  great  extent  atrophied  or  obliterated  owing 
to  the  contraction  of  the  tarsus,  as  pointed  out  by  Hotz. 

Entropion  operation  of  Burow.  {Berlin  Klin.  Wochenschr.,  June, 
1873,  p.  295.)  The  upper  lid  is  everted,  and  with  a  round,  pointed 
scalpel  an  incision,  about  3  mm.  from  the  free  border  and  parallel  to 
it,  is  made  from  one  end  of  the  tarsus  to  the  other.  This  cut  extends 
in  depth  through  the  tarsus  and  the  muscular  layer  to  the  skin.  Thus 
the  cilia  border  falls  away  from  the  eyeball,  and  in  some  cases  Burow 
found  the  incision  alone  was  sufficient  to  benefit  the  condition.  Tn 
more  severe  cases  of  entropion,  he  found  it  necessary  to  remove  a 
flap  of  skin  from  the  anterior  surface  of  the  lid,  the  necessary  amount 
to  produce  the  required  eversion  of  the  lid  border  being  determined 
by  picking  up  a  fold  with  the  forceps  and  then  incising  it  with  scis- 
sors and  scalpel.  Three  or  more  sutures  then  close  this  anterior 
wound,  and  the  gap  in  the  tarsus  is  left  to  granulate. 

Gifford  (OphtJwlmic  Record,  July,  1903,  p.  327)  suggested  fill- 
ing in  the  wound  in  the  tarsus  with  a  flap  of  mucous  membrane  taken 
f)-om  tlie  lip,  a  proctnlure  that  he  later  abandoned. 

Maher  (Archives  of  OpItilHilmolociii,  July,  1H97,  p.  340)  reports 
success  in  sixty  eases  by  a  similar  procedure,  in  which  lie  fixes  a 
mucous  flap  from  the  lip  into  the  gap  in  the  tarsus  by  sutures  that 
pass  through  it  to  the  outer  surface  of  the  lid. 

Ammoii  ( Enri/rlopcdir  franc.  d'Optal.,  Vol.  IX,  p.  174)  also  made 
an  incision  through  the  tarsus  and  tissues  of  the  lid  from  the  con- 
junctival side. 

Operation  of  (ira  i\  for  <  iilrojnnii.      (Trans.  Ann  r.  OpJilh.  Sor.,  1880, 

Vol.  VI     '.M 
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Vol.  Ill,  p.  167.)  This  operation  is  iiiteiuletl  by  its  author  for  those 
t'ases  of  cicatricial  ('iitro{)ion,  occurring  in  trachoma,  in  which  there 
is  marked  incurving  and  a  furrow  on  the  conjunctival  side  of  the 
tarsus.  It  is  done  in  three  stages:  First  stage.  The  upper  lid  is 
held  lirndy  everted  with  the  tingers.  With  a  round-pointed  scalpel 
an  incision,  parallel  to  and  2  nnn.  from  the  row  of  openings  of  the 
Mei])omian  glands,  is  nuide  through  the  tarsus,  in  exti'eme  cases  ex- 
tending from  near  the  inner  to  the  outer  canthus.     This  incision  (see 


Operation   of   Green   for   Entropion. 

A.  The  upper  lid  is  everted  and  an  incision  is  made  through  the  tarsus,  2  mm. 
from  the  lid  margin ;  from  a  to  b. 

B.  Needle  with  a  suture  is  passed  behind  the  row  of  cilia  out  through  the  lower 
border  of  the  skin  wound,  c,  on  the  anterior  surface  of  the  lid ;  reintroduced  and 
passed  deeply,  grazing  the  tarsus,  to  emerge  1  cm.  above  the  skin  wound.  Tying 
closes  the  wound  and  everts  tlie  lid  l)order. 


figure)  is  carried  through  the  entire  thickness  of  the  tarsus,  but  does 
not  extend  into  the  muscular  layer,  as  in  the  operation  of  Burow. 
Second  stage.  The  lid  is  then  replaced,  and  a  strip  of  skin,  not  exceed- 
ing 2  mm.  in  width,  is  excised  from  the  anterior  surface  of  the  lid. 
The  lower  border  of  the  strip  should  be  about  11/2  mm.  from  the  line 
of  the  eyelashes,  and  the  tissue  removed  should  be  only  skin  and  con- 
nective tissue,  leaving  the  muscle  intact.  Third  stage.  Fine  silk 
sutures,  armed  with  small  curved  needles,  are  passed  as  follows:     A 
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needle  is  introduced  at  the  edge  of  the  lid,  just  behind  the  row  of 
eyelashes,  and  brought  out  just  within  the  wound  in  the  skin.  The 
needle  is  then  reintroduced  into  the  upper  border  of  the  skin  wound, 
passed  deeply  backward  and  upward  to  graze  the  anterior  face  of  the 
tarsus,  and  brought  out  1  cm.  or  more  above  the  point  of  entrance. 
Three  such  sutures  are  passed  and,  when  tied,  not  only  strongly 
evert  the  cilia  border,  but  close  the  skin  wound.  The  sutures  are 
removed  after  a  day  or  two.  The  lashes  are  held  in  the  everted  posi- 
tion by  collodion  ai)plied  to  them  until  the  widely-gaping  wound  in 
tlie  tarsus  has  nearly  liealed.  as  it  does  bv  granulation. 


()]i('i;iti(iii    lit'    Kwiii;;-    t'oi-    l"]ntr()|ii()ii. 

A.     Diagram  illustratiiifr  placing  the  sutures  in  the  lower  lid. 

a,  Traction  stitch  to  cause  the  cut  in  the  tarsus  to  gape  widely. 

b,  I^oop  suture  passing  tlirougli  the  edge  of  the  conjuctival  flai),  c,  tlien  through 
the  lip  of  the  tarsal  wound,  the  Ijottou)  of  the  tarsal  wound  emerging  i)Miind  the 
lashes,  to  he  tied  around  a  catgut  (luill.     t.  Tarsus. 

H.  Showing  the  sutures  in  jdace  on  the  lower  lid.  n,  Traction  stitch.  Ii, 
Loop  sutures  through  tlic  conjunctiva  and  the  tarsal  wound,  to  he  tied  over  a 
strand  of  catgut,  d. 

Ewiiig  (Tr(i)is.  AnurirfDi  OpJith.  Soc,  Vol.  TX.  p.  1.");  nlso  Ophlhal. 
Rrcord,  Octob.T.  1!)07.  p.  4!)().  and  .Iaiiii;ii\  ,  1!M»S.  p.  (i.  See.  also, 
Hull.    Mol.    I),  IK    \Vnshi,u/ln„    riiif..    \'()l.    \'.    .\o.     I:    \'<)l.    \' I .    Xo.    1) 
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modifies  this  operation  in  an  important  way,  endeavoring  to  partially 
till  in  the  gap  in  the  tarsus  l)y  means  of  conjunctiva.  Beginning  at 
the  posterior  margin  of  the  free  border  of  the  lid,  he  dissects  back 
the  conjunctiva  from  the  tarsus  to  a  distance  of  4  or  5  mm.  along 
the  whole  length  of  the  lid.  [This  seems  to  be  a  detail  of  some  diffi- 
culty, because  of  the  intimate  relation  of  the  tarsus  and  conjunctiva] . 
Retracting  the  conjunctival  flap,  he  makes  an  incision  through  the 
tarsus  exactly  as  in  the  Green  operation.  To  aid  the  assistant  in 
strongly  everting  the  cilia  border  during  the  placing  of  the  sutures, 
he  introduces  a  temporary  stitch  in  the  cut  surface  of  the  tarsus,  so 
that  traction  on  it  will  cause  the  tarsal  wound  to  gape  widely  (see 
figure).  For  the  upper  lid,  seven  or  eight  fine,  double-armed  loop 
sutures  are  then  introduced;  for  the  lower  four  or  five  suffice.  The 
needles  are  first  passed  about  2  mm.  apart,  through  the  edge  of  the 
conjunctival  flap  which  was  dissected  back;  then  through  the  bottom 
of  the  wound,  back  of  the  tarsus  bearing  the  cilia,  to  emerge  on  the 
skin  just  back  of  the  cilia.  For  convenience  in  removing  the  sutures 
and  to  prevent  them  from  cutting  too  deeply  into  the  skin,  all  the 
stitches  are  tied  over  a  fairly  large  No.  12  strand  of  catgut  placed 
along  the  edge  of  the  lid,  thus  making  a  kind  of  quill  suture.  Tighten- 
ing the  sutures  draws  the  conjunctiva  into  the  wound  and  strongly 
everts  the  edge  of  the  lid. 

The  eye  is  dressed  in  the  usual  way,  and  sutures  may  be  left  in 
place  for  five  or  six  days  if  suppuration  does  not  occur.  On  the  sec- 
ond day  the  lashes  are  held  back  over  the  quill  sutures  by  collodion. 

Entropion  operation  of  Williams.  {Liverpool  Medico-Chirurgical 
Journal,  1882.)  The  lid  is  everted  and  an  incision  is  made  through 
the  tarsus  from  end  to  end,  about  4  mm.  from  the  lid  border,  as  in 
the  Green  operation,  the  cut  not  extending  into  the  muscular  layer.  A 
needle,  with  suture  attached,  is  passed  from  the  conjunctival  side 
through  the  tarsus  and  lid  below  the  tarsal  incision,  emerging  from 
the  skin  just  above  the  eyelashes.  (See  figure.)  It  is  then  reintroduced 
a  short  distance  above,  to  take  a  firm  hold  on  the  tarsus  above  the 
line  of  tarsal  incision  and  withdrawn  again  through  the  skin.  Three 
or  four  such  sutures  are  passed  at  equal  intervals,  and  the  loops 
are  ti^d  over  a  small  roll  of  adhesive  or  tubing.  Tightening  the  sutures, 
of  course,  everts  the  lid  border  and  causes  the  cut  in  the  tarsus  to 
gape.    The  wound  surfaces  are  allowed  to  heal  by  granulation. 

Operation  of  Lagleyze.  Lagleyze  (Archives  d'Ophtalmologie,  Dec, 
1904,  p.  773)  of  Buenos  Aires  practises  an  ingenious  modification  of 
the  Burow  operation,  notable  on  account  of  the  manner  in  which  he 
places  the  tension  sutures.    (See  the  figure.)    Five,  or  even  six,  needles, 
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each  about  3  cm.  long,  are  threaded  on  one  long  suture  and  passed 
through  the  lid  in  the  following  manner:     The  upper  lid  being  held 


Operation  of  Williams  for  Entropion. 

A  suture  is  passed  through  the  tarsus  below  the  incision,  a,  and  emerges  on  the 
skin  of  the  lid  above  the  eyelashes.  It  passes  over  a  roll,  enters  the  skin  and  takes 
hold  of  the  tarsus  at  a  point  above  the  tarsal  incision.  Tightening  the  suture 
causes  the  cut,  a,  to  gape  and  everts  the  lid  border.  (After  Grimsdale  and 
Brewerton.) 


^mrrrrf^^ 


B 


Operation   of  Lagleyze   for  Entrojyion. 


A.  Ujijier  lid  everted.  Needles  3  cm.  long  threaded  on  one  suture,  c,  d,  c,  f, 
transfix  the  lid,  passing  from  the  superior  border  of  tlie  tarsus  along  its  anterior 
face  to  the  cilia  border.  These  form  a  guide  for  making  the  incision  through  the 
tarsus,  a,  b. 

B.  Sutures  tied  over  the  tubing,  x,  y,  forming  loops,  c.  d,  e,  f. 

strongly  everted,   the   middle    iircdlc   on    IIh'   sutm-c   mtri-s   the   con- 
junctiva at  the  middle  ])oint  of  the  .su])ci'ior  lioi'dii'  of  jlie  tarsus,  glides 
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alony  Ihc  aiiterioi'  iaw  of  the  tarsus  and  emerges  from  the  skin 
among  the  lashes,  or  at  a  point  immediately  behind  them.  It  is 
allowed  to  remain,  transtixing  the  lid,  serving  as  a  means  of  holding 
it  in  place  until  the  other  needles  on  the  suture  have  been  passed  in  a 
similar  manner  at  equal  distances  apart,  emerging  from  the  skin  at 
corresponding  points  near  tlie  row  of  cilia.  Thus,  if  five  needles  are 
used,  there  are  four  loops  of  suture  to  catch  the  tarso-orbital  fascia 
and  levator  tendon.  While  all  the  needles  are  in  place,  as  shown  in 
the  figure,  the  operator  makes  an  incision  through  the  tarsus,  from 
end  to  end,  about  3  mm.  from  tlie  lid  border,  and  the  needles  serve 
as  a  guide  to  tell  him  when  the  ineision  has  completely  passed  through 
the  tarsus.  In  incomplete  entroi)ion,  the  length  of  the  incision  will 
be  proportionate  to  the  degree  of  the  deformity,  but  should  always 
extend  beyond  the  limits  of  the  entropion.  After  the  incision  the 
needles  and  suture  are  drawn  through  and  the  lid  is  replaced  in  its 
natural  position.  The  thread  is  then  cut  from  each  needle  and  the 
ends  corresponding  to  each  loop  at  the  superior  tarsal  border  are 
tied  over  a  small  roll  of  gauze  or  tuliing  placed  at  the  margin  of  the 
lid.  The  sutures  are  allowed  to  remain  seven  or  eight  days,  and  the 
wound  in  the  tarsus  is  allowed  to  heal  by  granulation,  as  in  the  pro- 
cedures previously  described. 

The  healing  by  granulation  of  the  gaping  wound  in  the  tarsus,  and 
the  inevitable  development  of  new  cicatricial  tissue  on  its  concave 
surface,  where  scar  tissue  is  already  causing  contraction,  would  sug- 
gest a  natural  objection  to  operations  of  this  class.  Their  authors, 
however,  and  many  others,  .seem  to  have  had  excellent  results  from 
them.  This  objection  is  met  by  operations  that  aim  to  correct  the 
incurving  of  the  lid  by  incision  or  excision  of  a  piece  of  the  tarsus 
from  the  anterior  surface. 

SECTION     OR     PARTIAL    EXCISION     OP     THE     TARSUS    FROM     THE     ANTERIOR 

SURFACE. 

Streatfeild  (Royal  Loud.  Ophthal.  Hosp.  Reports,  Vol.  II,  p.  247) 
was  probably  the  first  to  suggest  and  put  into  practice  this  principle. 

StreatfeUd's  operation  for  entropion.  An  incision  that  extends  the 
length  of  the  lid  is  made  about  2  mm.  above  the  row  of  eyelashes  and 
parallel  to  it.  This  incision  passes  through  skin,  connective  tissue  and 
muscle  to  the  tarsus,  2  or  3  mm.  above  this  and  parallel  to  it.  A  sec- 
ond incision  is  made  to  the  tarsus,  joining  the  first  at  the  extremities. 
The  tissue  between  these  incisions  is  then  resected.  Two  parallel  in- 
cisions, about  2  mm.  apart,  are  then  made  obliquely  in  the  tarsus 
through  its  whole  length,  and  the  wedge-shaped  strip  so  formed  is 
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excised.  The  incisions  do  not  extend  deep  enougli  to  divide  the  con- 
junctiva. Believing  that  a  more  permanent  result  can  be  obtained 
by  a  firm  cicatrix,  Streatfeild  used  no  sutures  to  close  the  wountl,  l)ut 
allowed  it  to  heal  by  granulation. 

The  principle  (excision  of  a  wedge-shaped  strip  from  the  anterior 
surface  of  the  tarsus)  forms  an  essential  feature  of  many  of  the  most 
valuable  combination  forms  of  operation  for  entropion. 

Snellen's  operatif>u  for  entropion.  {Enci)ck)pc<Jic  francaise  d'Oph- 
t(ihnoIo!ii( .  Vq].  IX.  p.  17-").)      This  im]ioi-tMiit  modiHcatiou  of  Sti'cat- 


OlK'iJitioii   of   Snellen    for   iMiti'opion. 

A.  Incision  through  the  skin  and  muscle  to  e.\pose  the  face  of  the  tarsus,  t. 
The  wedge-shaped  striji,  a,  b,  is  cut  out  of  this.  Looj)  sutures  are  jiassed  from 
the  sui)erior  border  of  the  tarsus,  to  emerge  just  .-iliove  the  line  of  the  cilia,  to  be 
tied  around  beads  or  a  roll. 


fcild's  priiieijdc  coinliiiirs  the  sutures  of  Anaguostakis  with  gi-ooving 
of  the  tarsus.  The  lid  is  held  iu  Sudlcirs  oi-  Kna|)i)'s  lid  chniip.  aud 
an  incision  about  2  nun.  from  the  lid  boi-der,  and  parallrl  to  it.  is 
made  the  length  of  tlie  lid  through  all  the  tissues  down  to  the  tarsal 
plate  whirh,  by  light  dissection,  is  then  laid  bare.  Sonu'  of  the  muscle 
bundles  may  also  be  removed.  A  wedge-shaped  strip  of  tai'sus  (see 
the  figure  I.  whose  base  corresponds  to  the  anterior  t'aee  of  the. tarsus, 
and  from  1  mm.  to  2  nun.  in  width,  varying  accoi-ding  to  the  degree 
of  the   incurving,   is   then   excised    from   that    part    of  the   tarsus   indi- 
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cated  by  a  more  or  less  marked  ridge  lying  over  a  corresponding  fur- 
row on  the  eonjunetival  side.  This  strip  may  be  excised  most  readily 
^vith  a  cataract  knife,  or  with  the  two-bladed  entropion  knife.  It 
includes  the  whole  thickness  of  the  tarsus,  or  nearly  so,  and  extends 
from  one  end  of  it  to  the  other,  but  some  care  should  be  used  not  to 
inchide  the  conjunctiva  in  the  cut. 

Three  double  armed  sutures  are  passed  (as  shown  in  the  illustration) 
at  equal  intervals  as  follows::  The  superior  border  of  the  tarsus 
is  seized  with  toothed  forceps  and  one  needle  is  made  to  transfix  it; 
the  other  needle  passes  through  the  superior  border  about  2  mm. 
from  the  first.  The  needles  then  pass  beneath  the  lower  skin  flap, 
grazing  the  tarsus,  and  emerge  about  3  mm.  apart  just  above  the  row 
of  lashes.  The  sutures  on  either  side  of  the  middle  one  are  passed 
in  a  similar  manner,  at  such  distances  from  it  as  to  produce  a  sym- 
metrical eversion  of  the  lid  border.  A  small  glass  bead  is  strung  on 
the  thread  and  the  suture  is  tied  over  it;  or  it  may  be  tied  over  a 
small  roll  of  gauze  or  a  bit  of  tubing.  The  effect  of  tightening  the 
sutures  is  not  only  to  evert  the  lid  border  and  turn  out  the  cilia,  but 
also  to  reduce  the  excessive  curve  of  the  tarsus.  Skin  sutures  may 
be  necessary,  or  the  sutures  may  be  left  long  and  secured  to  the  fore- 
head, which  will  coapt  the  edges  of  the  wound  fairly  well.  The 
sutures  should  be  removed  in  three  or  four  days,  to  prevent  the  beads 
from  causing  necrosis  of  the  skin  at  the  points  of  pressure. 

Entropion  operation  of  Panas.  {Maladies  de's  Yeux,  Vol.  II,  p.  153 ; 
also,  Archives  dVphtal.,  1882,  p.  208.)  In  this  operation  none  of  the 
tarsus  is  removed,  but  it  is  divided  completely  from  the  anterior  sur- 
face, the  incision  including  the  conjunctiva.  Either  a  wide  Snellen  lid 
clamp,  or  the  horn  plate  of  Jaeger,  may  be  used ;  if  the  latter,  the  assist- 
ant holds  it  firmly  against  the  under  surface  and  also  draws  the  lid 
downward.  An  incision  is  then  made  3  mm.  from  the  lid  border, 
parallel  to  it  and  extending  the  whole  length  of  the  lid.  This  incision 
passes  through  skin  and  muscle  to  the  tarsus,  which  is  then  laid  bare 
by  dissecting  up  the  upper  lip  of  the  wound  until  the  superior  border 
of  the  tarsus  and  the  levator  tendon  are  seen;  finally  separating  the 
lower  lip  nearly  to  the  lid  border,  not  disturbing  the  follicles  of  the  eye 
lashes.  It  is  necessary  to  expose  the  tarsus  throughout  its  whole  extent. 
The  tarsus  is  then  divided  from  one  end  to  the  other  (see  the  cut)  by 
an  incision  that  includes  the  conjunctiva,  at  right  angles  to  its  surface 
and  about  3  mm.  from  its  free  border.  In  cases  of  partial  entropion  a 
correspondingly  shorter  incision  will  suffice.  Five  sutures  are  then 
passed  at  equal  intervals  as  follows :  The  needle  transfixes  the  tendon 
of  the  levator  and  superior  border  of  the  tarsus,  then  passes  behind  the 
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muscle  of  the  lower  flap  to  emerge  just  behiud  the  cilia  on  the  free 
border  (see  figure).  Four  other  sutures  are  passed  in  a  similar  man- 
ner; when  tied  they  strongly  evert  the  lashes.  Care  should  be  taken, 
when  tying  the  sutures,  to  prevent  the  lower  tarsal  flap  from  riding 
on  the  upper  part  of  the  tarsus.  To  avoid  this,  and  the  resulting  great 
disfigurement,  Thilliez  {Encyclopedic  frangaise  d'Ophtal.,  Vol.  IX,  p. 
178)  suggested  that  the  incision  should  not  extend  continuously  across 
the  tarsus,  but  that  a  narrow  strip  (1  mm.  or  2  mm.  wide)  in  the 
middle  should  be  spared.     This  narrow  piece   of  undivided  tarsus 


Operation   of   Panas   for   Entropion. 

A.  The  tarsus,  t,  is  exposed  and  a  cut  made  through  its  entire  length  from  a 
to  b,  including  the  conjunctiva.  Sutures  are  then  passed  through  the  upper  border 
of  the  tarsus  and  emerge  at  the  free  border  of  the  lid  just  behind  the  lashes. 

B.  Diagram  of  a  vertical  section  showing  the  jiosition  of  the  sutures. 


would  fold  easily,  and  so  would  not  interfere  witli  llic  desired  eversion 
of  the  lid. 

The  sutures  may  be  left  long,  to  be  attached  to  the  foreliead  jibove 
the  brow  with  collodion  or  adhesive,  and  this  coapts  the  edges  of  the 
skin  wound  so  that  no  other  sutures  are  required. 

This  operation  accomplishes  the  bending  forward  of  the  tarsus,  and 
holding  it  in  this  position,  by  the  firm  union  of  tlie  cilia-bearing  flap, 
to  a  higher  point  on  the  tarsus.  However,  inasmuch  as  tlie  con- 
junctiva has  been  divided,  the  incision  on  the  conjunctival  surface 
of  the  tarsus  will   gape  when   the  lid   is  evei-ted.  and   this  defect   will 
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have  to  till  in  with  graiiulatioii  tissue,  exactly  as  in  cases  where  the 
tarsus  is  divided  from  the  conjunctival  surface. 

COMBINATION    OPERATIONS   FOR   ENTROPION. 

Recognizing-  that  in  some  cases  it  is  impossible  to  correct  severe 
entropion  with  any  single  operation,  many  surgeons  of  experience 
have  combined  certain  features  of  ditferent  operations.  In  most  of 
such  combinations  tarsoplasty  or  tarsotomy  figures,  and  an  attempt 
is  made  in  some  of  them  to  widen  the  free  l)order  of  the  lid  by  mucous 
or  skin  grafts   (marginoplasty ). 

Knapp  {Jahrcshcricht  f.  OphtJutL,  1895,  p.  548)  operated  some- 
what after  the  manner  of  Snellen,  by  excising  a  wedge-shaped  strip 
from  the  anterior  surface  of  the  tarsus.  He  then  split  the  lid  border 
and  implanted  into  the  gap  a  narrow  piece  of  skin  taken  from  the 
lid  or  from  the  hairless  skin  behind  the  ear. 

Pagenstecher  {Encyclopedic  franq.  d'OpJital.,  Vol.  IX,  p.  179)  com- 
bined his  operation  with  canthoplasty,  and  an  incision  through  the 
tarsus  in  cases  of  incurving. 

Weeks  {Trans.  Am.  Ophthalni.  !:^oc.,  Vol.  IX,  p.  18)  recommends  a 
modification  of  the  Streatfeild  and  Snellen  operations,  and  combines 
this  with  grafting  into  the  lid  border  a  piece  of  mucous  membrane, 
after  the  method  of  Van  Millingeii. 

Gilford  {Ophthalmic  Record,  1903,  p.  325),  after  doing  a  Hotz 
operation,  before  tying  the  sutures,  everts  the  lid  and  makes  an  in- 
cision through  the  tarsus  after  the  manner  of  Burow  and  Green. 

Beard's  operation  for  entropion.  Beard  {Ophthalmic  Surgery, 
1910,  p.  264),  believing  that  in  most  of  the  severe  cases  of  entropion 
resulting  from  trachoma  an  over-effect  at  the  time  of  the  operation  is 
essential  to  prevent  a  recurrence  of  the  trouble,  combines  many  of 
the  various  principles  that  have  been  mentioned.  He  first  does  a 
canthotomy  or  canthoplast.y,  with  free  division  of  the  raphe.  He 
next  makes  a  deep  interinarginal  incision,  not  in  the  gray  line  be- 
tween tarsus  and  muscle,  but  splitting  the  tarsus  itself.  This  may 
be  3  mm.  in  depth  and  long  enough  to  receive  the  ample  flap  of 
mucous  membrane  to  be  provided  for  it.  (See  the  figure.)  He  then 
makes  a  cutaneous  incision,  and  exposes  the  tarsus  by  dissecting  back 
the  flaps  and  removing  the  bundle  of  orbicular  muscle  fibres  from  the 
lower  flap,  as  in  the  Hotz  operation.  A  wedge-shaped  piece  of  tarsus 
is  then  excised,  after  the  manner  of  Snellen.  In  passing  the  sutures 
he  obtains  an  extreme  eversion  by  following  the  principle  of  the 
Pagenstecher  operation.  After  the  suture  passes  through  the  lower 
skin  flap  it  pierces  a  fold  of  the  tarso-orbital  fascia  and  levator  ten 
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don  that  lias  hecii  seized  hy  toothed  forceps,  and  emerges  through 
muscle  and  skin  of  the  upper  flap  a  considerable  distance  above  the 
edge  of  the  wound.  Beard  accomplishes  in  tiiis  way  not  only  ever- 
sion  of  the  lid  border,  but  correction  of  the  slight  ptosis  so  frequently 
present  in  these  cases.  Finally,  the  deep  gap  in  the  lid  border  is  tilled 
with  a  strip  of  mucous  membrane,  5  or  6  mm.  in  witltli  and  of  suitable 
length,  cut  with  scissors  from  the  inside  of  the  lower  lip.     It  attaches 


Board's  ()]ieiatioii   for   Kntiopioii.      \'t>itical   Soi'tioii. 

Intermargiiial  incision  in  the  tarsus  at  c.  Skin  incision,  a,  b.  Wedge-shaped 
piece  of  tarsus  excised  at  t.  A  suture,  s,  s,  passes  through  the  lower  skin  tlaj), 
then  through  the  tarso-orbital  fascia  at  f,  and  emerges  through  the  upper  flap 
some  distance  from  the  cut.  Mucous  membrane  from  the  lip  is  placeil  in  the  defect 
in  the  tarsus,  c. 


itself  without  sutures.     This  is  an   adaptation   of  the   Viiw  Millingen 
operation. 

The  eye  is  covered  witli  a  tliiii  layer  of  cotton  wet  with  boric  acid 
solution,  the  usual  dressing  applied  and  allowed  to  icinain  for  lorty- 
eight  hours;  at  tlie  fii-st  change  of  divssing  all  the  sutni'cs  arc  re- 
moved. A  similar  moist  dressing  is  reapplied  every  d;i\  t'oi'  one  week. 
at  the  end  of  wliicli  time  the  marginal  graft  is  seenre,  altliongh  even 
after  the  I'emoval  of  the  bandages  the  gi'at't  should  he  coated  with 
a  little  vaselin  for  sever-al  days,  to  prevent  desiccation,  'j'lie  Kditoi- 
can  testif\-  to  the  pronoumed  and  lasting  elTect  pi'odnced  by  this 
combination  of  ojicrations  in  Die  most  difficnit  cases,  and  with  a  lew 
differences  it  is  the  operation  he  usually  practises  on  the  severer 
cases. 
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As  stated  by  Beard,  eases  oi:  entropion  are  frequently  oi'  a  pro- 
nounced character,  following  a  long-standing  trachoma  that  has  been 
iiegleeted  and  has  received  little  or  no  treatment.  The  tarsus  is 
usually  so  badly  affected  as  to  require  some  form  of  tarsoplasty.  The 
free  border  of  the  lid  usually  needs  to  be  repaired  by  a  marginoplasty, 
and  the  palpebral  fissure  is  so  much  shortened  as  to  require  a  cantho- 
plasty. 

Wilder's  combined  operation  for  marked  and  neglected  forms  of 
entropion.  In  such  cases  the  following  combination  operation  is  rec- 
ommended :  First.  Canthoplasty.  In  taking  this  step  it  may  not  be 
necessary  to  make  an  especially  long  cut,  but,  after  the  eye  is  cocainized 
and  the  eanthus  is  divided  with  the  scissors,  the  operator  should  reach 
into  the  rhomboidal  wound,  above  and  below,  with  a  pair  of  fine- 
pointed  scissors  and  divide  freely  the  attachment  of  the  orbicularis 
fibres  to  the  raphe.  It  is  to  check  the  sphincter  action  of  the  orbi- 
cularis that  a  canthoplasty  is  made  in  entropion,  and  this  may  be 
accomplished  through  a  small  wound,  if  the  attachment  of  the  muscle 
to  the  raphe  is  divided,  as  well  as  tlirough  one  of  greater  length.  The 
long  cut  in  the  eanthus  has  the  disadvantage  that  the  shortened  con- 
junctiva cannot  be  brought  out  to  fill  the  gap. 

After  the  canthoplasty  a  Knapp  or  Snellen  clamp  is  applied  to  the 
lid.  If  the  palpebral  fissure  is  not  wide  enough  to  admit  one  of  suffi- 
cient size,  a  Warlomont  clamp  is  used,  the  blade  of  which  can  be  at 
first  narrowed  and  then  widened  after  its  introduction.  When  the 
clamp  has  been  fitted  in  the  proper  position  it  should  be  so  held  by 
an  assistant  as  not  to  press  upon  the  eyeball.  The  operator  then 
injects  about  ten  drops  of  1  per  cent,  cocaine  solution  beneath  the  skin 
along  the  line  of  the  proposed  incision  and  dissection.  In  a  minute  or 
two  anesthesia  will  be  complete,  and  he  can  continue  the  operation. 

Second.  The  cutaneous  incision.  This  follows  the  line  of  the  Snellen 
incision  rather  than  that  of  the  Hotz,  and  is  made  about  2  mm.  to 
3  mm.  above  the  lid  border  and  nearly  parallel  to  it  along  the  whole 
length  of  the  lid.  At  its  extremities  it  approaches  slightly  nearer 
the  cilia  border  than  in  the  middle,  but  the  whole  flap  is  narrower 
than  in  the  Hotz  operation.  This  incision  extends  through  all  the 
tissues  to  the  tarsus  and,  as  in  the  Snellen  operation,  the  tarsus  is 
laid  bare  by  dissecting  both  flaps  away  from  it. 

Third.  Excision  of  muscular  fibres.  All  the  muscle  fibres  attached 
to  the  lower  flap  are  carefully  excised,  as  well  as  the  bundle  of  fibres 
lying  immediately  in  front  of  the  tarsus.  This  neat  dissection  can  be 
done  much  more  accurately  in  a  bloodless  field,  and  for  this  reason 
the   clamp '  is   to  be  preferred.     As  was  pointed   out   by   Hotz,   this 
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feature  of  excision  of  muscle  fibres  lying  next  to  the  lid  border  is  of 
great  importance  in  correcting  the   blepharospasm. 

Fourth.  Excision  of  a  wedge-shaped  piece  of  tarsus.  This  step  is 
taken  after  the  manner  of  Snellen,  either  with  a  Beer's  or  Graefe  knife, 
or  with  the  double  entropion  knife  of  the  author,  the  blades  of  which 
are  adjustable.     (See  the  figure.) 

Fifth.  Introduction  of  sutures.  Before  the  sutures  are  placed  the 
clamp  is  removed  and  the  bleeding  is  checked.  Three  sutures  are  then 
placed,  as  in  the  Hotz  operation,  passing  them  first  through  the  lower 
skin  flap,  then  through  the  upper  margin  of  the  tarsus  (including  a 
fold  of  the  tarso-orbital  fascia,  as  in  the  Pagenstecher  operation)  and 
out  through  the  skin  (but  not  through  the  muscle)  of  the  upper  skin 


Wilder 's  Double  Adjustable  Entropion  Knife. 

flap.  By  avoiding-  the  muscle  fibres  when  bringing  the  suture  through 
the  upper  skin  flap,  these  fibres  are  held  back  by  the  suture,  so  that 
the  lower  skin  flap,  denuded  of  its  muscular  layer,  can  coapt  itself 
to  the  anterior  face  of  the  tarsus.  Possibly  a  somewhat  more  pro- 
nounced eversion  is  produced  by  the  Snellen  suture  (see  operation  of 
Snellen),  which  the  author  sometimes  uses,  but  the  principle  is  the 
same. 

Before  tying  the  sutures,  all  clots  should  be  removed  from  the 
gap  in  the  tarsus  and  from  the  lower  skin  flap,  so  that  the  lid  border 
will  turn  forward  as  desired  and  there  may  be  nothing  in  the  wound 
to  prevent  the  perfect  coaptation  of  the  lower  skin  flap  with  the  tarsus. 

After  tying  the  sutures  they  may,  before  cutting  them,  be  used 
as  an  aid  to  hold  the  lid  while  the  operator  is  making  the  intermar- 
ginal  incision,  if  it  is  thouglit  best  to  use  a  marginal  gnit't. 

Sixth.  Intermarginal  graft.  Tliis  may  be  of  iimcons  mciiihrane 
from  the  lip  or  of  skin  taken  from  licliind  the  ear.  The  lid  luargin  is 
divided  behind  the  row  of  cilia,  and  into  tlie  gajnng  wound  is  plam-d 
the  narrow  graft,  not  more  than  I'/j  <>i"  2  mm.  in  width.  This  graft 
may  be  cut  with  a  Graefe  knife,  or  with  the  douliic  entropion  knife 
referred  to.     The  Hulufcs  urc  tlicri  cut  olT  .ukI  ;i  moist  di'i-ssing  is  ap- 
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plied,  to  be  changed  eaeli  day.  At  tlie  end  of  tlie  third  or  fonrth  day 
the  sutures  may  be  removed,  but  the  dressing  should  be  continued  for 
a  week. 

The  difficulty  of  correcting  trichiasis  and  entropion,  and  securing 
a  permanent  good  result  is  indicated  by  the  great  number  of  operations 
that  have  been  devised  for  their  treatment.  An  attempt  has  been  made 
to  here  describe  the  typical  operations,  with  their  most  noteworthy 
modifications  and  principles  on  which  they  are  based.  It  would  be 
impossible  in  this  space  to  give  in  detail  all  the  modifications  that 
have  been  suggested,  but  enough  have  been  presented  to  show  that 
no  one  type  of  operation  is  suitable  for  every  case.  The  experienced 
operator  will  select  that  method  which,  in  his  judgment,  is  most  appli- 
cable to  the  case  in  hand,  or  will  modify  it  to  meet  tlie  exigencies  of 
such  a  case.  Bearing  in  mind  the  main  principles  underlying  the 
typical  operations,  he  will  be  able  to  combine  them,  if  necessary,  to 
produce  the  desired  result. 

If  the  entropion  is  of  the  spastic  variety  it  may  be  relieved  by  one 
of  the  simple  suture  operations,  or,  at  worst,  by  that  of  Hotz. 

Many  of  the  operations  described  produce  their  greatest  effect  on 
the  middle  of  the  lid,  so  that  if  the  trichiasis  is  partial  and  affects 
particularly  the  inner  or  outer  angles,  an  operation  such  as  that  of 
Spencer  Watson  for  partial  entropion  would  be  applicable. 

In  severe  cases,  where  the  tarsus  also  is  deformed  or  incurved, 
nothing  short  of  tarsoplasty  of  some  kind,  combined  with  other 
methods,  will  suffice  to  effect  a  cure. —  (W.  H.  W.). 

The  Ophthalmic  Year-Bool;  furnishes  the  following  reviews  and  criti- 
cisms of  various  operations  and  procedures  for  the  relief  and  cure  of 
entropion. 

Risley  {Ophthalmic  Record,  p.  309,  1910)  effected  a  complete  cure 
of  entropion  of  both  lower  lids  by  galvano-puncture,  3  on  one  lid  and 
4  on  the  other,  3  mm.  apart,  through  the  skin  into  the  cartilage  with- 
out perforating  the  conjunctival  surface.  Zeigler  {Tr.  Sec.  on  Ophth., 
A.  M.  A.,  p.  127,  1910)  emj^loys  in  ectropion  and  entropion,  a  short 
galvano-cautery  point ;  and  a  modified  chalazion  clamp  with  a  straight 
edge,  as  a  guide  for  the  row  of  punctures.  The  punctures  are  quickly 
made  through  the  cartilage,  4  mm.  from  the  lid  margin  and  the  same 
distance  apart.  Imre  insists  that  the  skin  of  the  lid  must  be  perma- 
nently stretched  to  effect  a  permanent  cure  in  spastic  entropion,  and 
the  less  sacrifice  of  skin  the  better.  The  function  of  the  orbicular 
muscle  should  not  be  disturbed. 

Sti-aul)  (Klin.  Monatshl.  f.  Angenh.,  March,  p.  334,  1910)  argues 
that    the    cicatricial    conjunctiva    in    trachomatous    entropion,    ])eing 
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decidedly  less  in  superficial  extent  tlian  normaK  can  no  longer  cover 
the  surface  of  the  tarsus.  This  deficiency  must  be  compensated  by  a 
decrease  in  the  size  of  that  structure,  or  displacement  of  the  adjacent 
structures  upon  the  tarsus,  or  both.  The  tarsus  becomes  shorter  and 
thicker,  but  the  greater  portion  of  the  deficiency  is  met  by  dragging 
the  fornix  to  the  tarsal  surface,  and  bending  back  the  free  margin  of 
the  lid,  resulting  in  entropion.  Based  upon  these  views,  Straub  extir- 
pates the  tarsus,  with  asserted  satisfactory  results  as  regards  both  the 
entropion  itself  and  tlic  otlier  complications  of  trachoma,  the  cause 
of  which  he  believes  to  be  the  resulting  greater  amplitude  of  lid  move- 
ment facilitating  drainage  of  the  sac.  He  lays  great  stress  upon  the 
proper  application  of  tlie  sutures  and  ascribes  some  cases  of  failure  in 
his  own  practice  to  their  faulty  placing.  Morno  deals  with  entropion 
of  the  lower  lid  by  making  a  T-shaped  incision,  and  displacing  a 
vertical  fold  downward. 

In  Asmus's  {Ztschr.  f.  Augcnh.,  XXII,  p.  222,  1910)  case  of  trau- 
matic ptosis  with  ecti'()i)ion  the  ligamentum  internum  of  the  upper  lid 
was  lacerated  by  a  horn  of  a  goat,  which  also  inflicted  such  other  in- 
juries as  caused  complete  ptosis  with  prolapse  of  the  mucous  mem- 
brane. The  ptosis  and  ectropion  were  relieved  l)y  Kuhnt's  ectropion 
operation  and  Pagenstecher's  sutui-es.  A  third  intervention  consisted 
of  raising  the  prolapse  by  means  of  sutures  passed  tlirough  the  same 
and  above  tbe  brow:  the  sutni'es  wci'e  anchored  to  the  forehead  by 
adiicsive  plaster.  Bourgeois  {Rcc.  d'opJit.,  p.  146,  1910)  finds  that  the 
method  of  Terson  not  only  gives  excellent  results  in  ectropion,  but 
that  the  cutaneous  flap  can  also  l)e  utilized  for  a  graft  when  desired. 
Kuhnt  observes  that  the  following  conditions  are  to  be  remedied  in 
extrenu^  blepharitis  ectropion  :  Fii'st,  the  rotation  of  the  lid  outwards; 
second,  the  false  position  of  the  lashes;  third,  the  atrophy  of  the  orbi- 
culai'is,  and  fiiudly  cniT  of  Ihe  lagoi)hthalmos  so  often  present.  To 
meet  these  indications  he  has  devised  an  operation  which  consists  first, 
in  splitting  the  lowci'  lid  into  2  Haps,  an  anterior  or  skin  flap  and  a 
po.sterior  or  tarso-mucous  memt)rane  fiaj);  and,  second,  in  the  i-oinplctc 
sliding  of  one  over  the  other  in  the  sense  that  the  former  is  lifted  and 
the  latter  depressed. 

Since  the  entropion  in  t  rai-1ioiii;i  is  due  to  tbe  curling  up  of  all  the 
tissues  of  the  lid,  from  <-ieiit  i'iei;il  i-efraction  of  the  conjunctiva  and 
tarsal  cartilage,  it  is  cleai'  that  an\-  tfcatinent  wliieli  does  not  directly 
attack  the  causal  element  mnst  be  illogical  and  inefficacious.  The 
essentials  of  the  oj)erative  pi-ocedure  pro|)ose(l   by   .Marin    (Arrliir.  dc 

Ofhilniohxiiii.    Vv\)..   l!)12i    are   seetioii    of   tl onjnnetiva   and   tarsal 

c;ii-tila"-e.  exeision  of  ;i  cnt aneo-mnsenla r  flap,  and  disphic.'iiient  of  tlie 
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ciliary  border.  The  first  incision  is  made  through  the  skin  and  orbicu- 
laris muscle  from  the  punctual  to  the  external  commissure,  at  three 
millimeters  from  the  ciliary  border.  The  second  incision  is  semilunar 
in  shape,  with  its  concavity  upwards,  and  its  ends  joining  those  of  the 
first  incision.  A  flap  is  thus  formed  varying  from  four  to  six  milli- 
meters in  width  at  the  center,  according  to  the  effect  which  is  desired. 
The  skin  and  muscle  included  between  these  two  incisions  are  com- 
pletely removed.  Next  an  incision  is  made  on  the  inner  aspect  of  the 
lid,  passing  through  the  entire  length  and  thickness  of  the  conjunctiva 
and  tarsal  cartilage  at  a  distance  of  two  millimeters  from  the  pos- 
terior lip  of  the  ciliary  border.  The  final  step  is  the  passing  of  three 
or  four  sutures  from  the  ciliary  border  behind  the  implantation  of 
the  lashes,  to  the  inferior  lip  of  the  cutaneous  wound ;  and  the  sutures 
are  so  tied  as  to  displace  the  upper  portion  of  the  lid  in  greater  or  less 
degree,  according  to  the  correction  which  is  desired. 

E.  Bonino  (Annali  di  Ottalm.,  40,  p.  28,  1913)  proposes  a  com- 
bined operation  intended  to  avoid  a  recurrence  of  trichiasis  through 
contracture  along  the  intermarginal  line.  The  three  principal  in- 
cisions are,  first,  along  the  intermarginal  line ;  next  3  or  4  millimeters 
above  and  parallel  with  this  on  the  skin  surface,  and  again,  parallel 
with,  and  2  or  3  millimeters  higher  than,  the  second.  The  ends  of 
these  are  joined  by  vertical  incisions,  the  upper  flap  is  dissected  free 
except  at  each  end,  and  some  fibers  of  the  orbicularis  and  a  wedge- 
shaped  piece  of  the  tarsus  are  resected.  The  upper  flap  being  held 
out  of  the  way  with  a  strabismus  hook,  the  edge  of  the  flap  contain- 
ing the  cilia  is  sutured  to  the  upper  margin  of  the  corresponding 
wound  in  both  skin  and  tarsus.  The  loose  upper  flap  is  then  drawn 
down  and  se\^Ti  into  position  along  the  intermarginal  incision. 

From  a  study  of  spastic  entropion  Dimmer  {Klin.  Monatshl.  f. 
Augenh.,  Sept.,  p.  337,  1911)  concludes  that  in  consequence  of  relaxed 
application  of  the  skin  of  the  lower  lid  to  the  underlying  tissue, 
especially  marked  in  subjects  of  advanced  years,  as  also  in  consequence 
of  greater  mobility  of  the  orbicularis  over  the  tarsus,  the  skin  of  the 
lower  lid  accompanied  by  other  well  known  favoring  factors  is  thrown, 
through  the  action  of  the  palpebral  muscle  (but  not  the  marginal 
portion  of  the  orbicularis)  into  a  fold  over  the  commissure  and  eventu- 
ally also  over  the  lateral  commissure.  This  fold  persists,  in  conse- 
quence of  senile  changes  of  the  skin  (diminished  elasticity)  also  during 
opening  of  the  commissure  and  thus  causes  malposition  of  the  lid 
margin  with  inversion  of  the  lashes  and  occasionally  also  of  the  tarsus 
itself. 

For  ingrowing  lashes  Wray  {Trans.  Ophth.  Soc.  United  Kingdom, 
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XXXII,  p.  161,  1912)  uses  the  Wadsworth  thermo-cautery.  This  has 
a  metal  bulb  with  a  rather  long,  sharp  point.  He  uses  it  at  a  dull  red 
heat.  The  object  is  to  make  a  strand  of  cicatricial  tissue  that  wiU 
restore  the  normal  appearance  of  the  lid.  The  way' the  point  is  thrust 
into  the  tissue  varies  aeconling  to  the  eifects  desired.  For  the  maxi- 
mum effect  the  point  is  somewhat  moved  to  make  a  fan-shaped  scar, 
with  its  base  in  the  cartilage  and  its  apex  2i/>  mm.  above  the  free 
margin  of  the  lid. 

Eleutheriades  {Ann.  of  Ophth.,  XXI,  p.  356,  1912)  has  devised  an 
operation  for  cases  of  entropion  and  trichiasis  not  amenable  to  the 
usual  methods  of  treatment.  He  terms  it  tarsoleptinsis,  signifying 
thinning  of  the  tarsus.  Two  incisions  are  made,  one  horizontal  3  mm. 
above  the  free  margin  of  the  tarsus  extending  from  the  external  com- 
missure to  the  lachrymal  punctuni;  and  a  second  curved  with  the  con- 
cavity downward  3  to  4  nun.  above  the  first.  These  incisions  meet  at 
each  extremity,  thus  enclosing  a  musculo-cutaneous  elliptical  flap  to 
be  dissected  up.  Some  layers  of  the  tarsus  are  next  removed  with  a 
straight  knife  slightly  curved  (thinning  the  same).  He  attaches  the 
inferior  margin  of  the  flap  to  the  tarsus  by  a  deep  suture  and  with 
anotlier  brings  together  tlie  edges  of  the  musculo-cutaneous  wound. 

The  treatment  of  senile  ectropion  by  the  excision  of  a  longtitudinal 
strip  of  the  conjunctiva  and  tarsus,  while  frequently  affording  excel- 
lent results,  has  the  distinct  disadvantage  that  it  shortens  the  conjunc- 
tival sac.  Kugel  (Graefe's  Arch.  f.  Ophth.,  Vol.  84,  p.  79,  1913)  has 
therefore  adopted  the  plan  of  shelling  out  the  tarsal  plate  without 
sacrificing  any  conjunctival  tissue.  After  injecting  2  per  cent,  cocain 
solution  and  instilling  4  per  cent,  cocain  solution  in  the  conjunctival 
sac,  the  lid  is  grasped  in  a  Desmarres  speculum,  and  an  incision  made 
through  the  whole  length  of  the  conjunctiva.  The  conjunctiva  is  dis- 
sected from  the  tarsus,  and  this  again  from  the  structures  toward  tlic 
skin.  The  tarsal  plate  is  then  cut  away  at  its  margins  with  scissors.  1 1' 
after  removal  of  the  speculum  the  lid  sags  away  from  the  eyeball  at 
any  point,  this  is  commonly  because  a  fragment  of  the  tarsus  has  been 
left ;  but  if  some  sagging  persists,  even  after  any  such  remains  have 
been  disposed  of,  the  lid  will  l)e  found  to  adapt  itself  accurately  in 
the  course  of  a  few  days.  The  conjunctival  incision  is  (•h)S('d  with 
three  or  four  mattress  sutures.  The  opcratioti  was  done  in  Iwciity-five 
cases,  and  Ihc  only  unsalisfaetory  result  was  in  a  case  of  conjunctival 
contraction  resulting  from  trachoma,  this  class  of  cases  being  unsuit«Ml 
to  the  operation.  The  results  o])tained  in  cases  of  senile  ectrojjion, 
wlietliei-  ol'   niilii    or  extl-eilie   degree,   ai'e   sti'ikinglv    unil'ofiii. 

Villard    {Ann.   d'Oriil..    Vol.    1 4!i.    p.    321.    1913)    gives   a    detailed 
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descrii:)tioii  of  the  procedure  I'or  senile  ectropion  suggested  by  Terson 
in  1896,  which  the  first-named  writer  feels  has  hardly  received  the 
attention  it  deserves.  He  reports  seven  cases  in  which  good  results 
were  obtained  from  the  operation,  the  essential  features  of  wliich  are 
resection  of  a  strip  of  the  everted  conjunctiva,  and  the  removal  of  a 
triangle  of  skin  external  to  the  outer  canthus,  the  base  of  the  triangle 
being  toward  the  eye. 

The  paper  by  Espinouze  {Rev.  Gen.  d'Opht.,  Vol.  32,  p.  289,  1913) 
revives  the  operation  proposed  by  True  in  1897  for  the  same  condition, 
and  reports  four  cases  in  which  it  was  done.  True 's  method  consisted 
of  splitting  the  lid  between  the  tarsus  and  the  muscle,  and  advancing 
the  external  laj'er  "en  vanne"  (like  a  sluice  gate)  beyond  the  internal 
layer,  the  two  layers  being  sutured  together  in  their  new  relationship. 

For  ectropion  of  the  lower  lid  secondary  to  trachoma,  MacCallan 
{Ophthalmoscope,  Vol.  11,  p.  538,  1913)  makes  a  horizontal  incision 
through  the  conjunctiva,  5  or  6  mm.  from  the  lid  margin,  dissects  out 
and  removes  the  tarsal  plate,  and  then  unites  the  edges  of  the  conjunc- 
tival incision  by  through-and-through  sutures  from  the  skin  surface, 
at  5  mm.  from  the  lid  margin. 

Goodenow  {Ophthalmology,  Vol.  9,  p.  334,  1913)  reports  and  illus- 
trates a  case  of  total  cicatricial  ectropion  of  the  upper  eyelid  which  was 
cured  by  means  of  a  Wolfe  graft  from  the  skin  of  the  arm. 

Maggi  {Ann.  cli  Ottalm.,  Vol.  42,  p.  128,  1913)  tabulates  the  technic 
and  the  results  obtained  in  111  cases  of  entropion  and  trichiasis 
treated  by  marginaplasty  with  mucous  graft.  In  some  cases  the  mucous 
graft  was  obtained  from  the  mouth,  and  in  some  from  the  vagina. 
It  was  found  that  the  vaginal  mucosa  was  more  prone  to  desquama- 
tion, and  contracted  more,  than  that  from  the  mouth.  From  a  study 
of  the  various  operative  combinations  employed,  and  their  results,  the 
following  choice  of  procedure  is  advised :  If  entropion  is  pronounced 
and  there  is  moderate  trichiasis,  Snellen's  tarsectomy  may  be  used. 
If  a  second  operation  proves  necessary  it  should  consist  of  splitting  the 
lid  margin  and  grafting.  For  marked  incurving  of  the  tarsus  and 
pronounced  trichiasis,  splitting  of  the  lid  margin  should  be  combined 
with  Snellen's  tarsectomy  and  a  mucous  graft.  For  slight  entropion 
and  trichiasis,  the  intermarginal  incision  and  mucous  graft  are  suffi- 
cient. The  incision  and  graft  should  also  be  used  for  trichiasis  alone, 
or  wdth  entropion  but  wdth  a  soft,  degenerated  tarsus. 

Samperi's  {Arch,  di  Ottalm,  Vol.  21,  p.  169,  1913)  article  consists 
mainly  of  a  review  of  the  various  operative  procedures  in  the  light 
of  over  eighty  operations  done  in  Tripoli  for  trichiasis  and  entropion. 
As  regards  trichiasis  consequent  on  trachoma,  he  condemns  as  useless 
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all  methods  which  attack  the  skiii  without  including  the  tarsus,  since 
in  trachoma  it  is  principally  the  tarsus  which  contracts. 

The  method  proposed  by  Baslini  {Clin.  Ocul.,  Vol.  12,  p.  1176,  1913) 
for  the  correction  of  cicatricial  entroj^ion  of  the  lower  lid  is  a  modifi- 
cation of  that  of  Panas.  The  tirst  incision  is  made  through  the  skin 
and  orbicularis  muscle  and  extends  the  whole  length  of  the  lid,  parallel 
with  and  at  about  10  mm.  from  the  ciliary  margin.  Two  vertical  in- 
cisions reach  from  the  ends  of  the  first  to  within  2  mm.  of  the  lid 
margin.  An  intermarginal  incision,  2  mm.  deep,  is  made  between  the 
orbicularis  muscle  and  the  tarsal  plate.  The  skin  and  muscle  flap  is 
dissected  free  from  below  for  about  a  half  its  height.  The  flap  is  then 
displaced  downward,  and  by  a  suture  at  each  lateral  margin  is  fixed  in 
such  position  that  the  cilia  are  l)rought  2  mm.  from  the  lid  margin. 
A  2  mm.  strip  is  excised  from  the  lower  border  of  the  skin  flap,  trans- 
ported to  the  raw  space  at  the  margin  of  the  lid  and  flxed  there  by  a 
few  very  fine  sutures.  Sutures  are  finally  placed  along  the  lines  of 
the  three  original  incisions.  Two  out  of  three  of  the  author's  cases 
date  back  six  years,  and  tlie  results  are  still  perfect. 

Entropion  aigu.  (F.)  Enfi-opion  of  the  eyelid  produced  by  an  acute 
spasm  of  the  orbicular  musch-. 

Entropion  bulbale.  (L.)  Entropion  of  the  eyelid  in  wliieh  the  con- 
tracting process  involves  the  tarsal  and  ocubir  conjunctiva  and  also 
the  retrofarsal  fold.     In  this  case  the  entire  lid  may  be  inverted. 

Entropion  der  Greise.     (G.)      Senile  entropion. 

Entropionize.    To  tuin  inward. 

Entropion  musculare.  (L.)  (Obs.)  Entropion  of  the  eyelid  occur- 
ring in  conse(|uence  of  some  irritation  whieli  affects  the  conjunctiva 
or  cornea,  or  of  some  disease'  of  the  eyeball  causing  ]>ain  and  reflex 
contraction  of  the  orbicular  muscle.  It  usually  occurs  in  tlie  lower 
lids  ;ni(l  in  advanced  years. 

Entropion  organicum.  (L.)  Entropion  of  the  eyelid  caused  by  eon- 
tcaetion  of  llie  lid  following  diplitlieritic  or  gonorrheal  coiijuiiel  ivit  is 
or  a  cicatricial  formation. 

Entropion  senile.     (\..       Enli-<)])ion  of  tlu'  eyelid  maiidy  due  to  old  age. 

Entropion,  Superciliary.  Incui-vafion  of  the  haii-s  of  the  e.\ebrow  into 
tlie  ital|)e])t"d  fissure  atul  against  the  eonjuiietiva.  eaiisiiii:  the  same 
s\iiiittoiiis  as  a?'e  present  in  ordiiuiry  entropion. 

Entropion  tarsale.  (L.)  Entropion  of  the  lid.  in  which  the  contract- 
ing or  cic;itrici;d  process  is  iiiainl\-  confined  to  the  tai'sus  which  is 
curved  in  upon  itself:  usually  the  i-esult  of  long-coni  iuucd  granidar 
conjunctivitis. 
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Entropion  uveae.  This  condition,  opposed  to  ectropion  uvecv,  is  one  in 
Avliieh  the  jngnient  epithelium  has  been  retracted  outwards  and  back- 
wards from  the  pupil.  It  can,  of  course,  onl}^  be  diagnosed  post- 
mortem, and  when  it  has  occurred  it  has  probably  been  acquired. 
Enslin  {A)-cMv  f.  Angenhcilk.,  51,  1905)  has  described  a  case. 

Entropium.     See  Entropion. 

Entscheidung-.     (G.)     Crisis. 

Entwickelung-.     (G.)     Development ;  evolution. 

Entwickelungsfehler.     (G.)     A  defect  of  development. 

Entwickelungsgang".     (G.)     The  process  of  development. 

Entwickelung-sgeschichte.     (G.)     Embryology. 

Entwickelungsgesetz.     (G.)     A  law  of  development. 

Entwickelungslehre.     (G.)     The  doctrine  of  evolution. 

Entwickelungsstorung'.     (G.)     Derangement  of  development. 

Entziehung.     (G.)     Withdrawal;   deprivation;   abstraction. 

Entziehungsdiat.     (G.)     A  restricted  diet. 

Entziindung,     (G.)     Inflammation. 

Entziindung  des  Augenliderwinkels.  (G.)  Blepharitis  intermargin- 
alis. 

Entziindungserreger.     (G.)     An  exciting  cause  of  inflammation. 

Entziindungsfell.     (G.)     Buffy  coat. 

Entziindungsheerd.     (G.)     An  inflammatory  focus. 

Entziindungsvorgang.     (G.)     An  inflammatory  process. 

Entziindungszeitraum.     (G.)     A  stage  of  inflammation. 

Enucleation  of  the  eye  and  its  substitutes.  Evisceration.  Exentera- 
tion. Abscission.  Mules'  operation.  Optico-ciliary  neurotomy. 
Extirpation  of  the  eye.    Excision  of  the  globe. 

To  avoid  unnecessary  repetition  it  has  been  thought  wise  to  discuss, 
describe  and  illustrate  under  this  heading  not  only  the  ordinary  forms 
of  bulbar  enucleation  but  substitutes  for  them.  As  a  matter  of  fact  a 
statement  of  the  reasons  for  choosing  one  of  the  latter  in  individual 
instances  involves  a  discussion  of  the  whole  subject.  The  reader  will, 
consequently,  regard  this  introductory  matter  as  a  prelude  to  each 
form  of  eyeball  excision — complete  or  incomplete — described  and  pic- 
tured under  this  caption. 

The  removal  of  an  eyeball  is  a  serious  major  operation  and  should 
be  undertaken  only  when  the  surgeon  is  sincerely  convinced  of  its 
necessity  and  wisdom.  It  should  never  be  forgotten  that  the  exsec- 
tion  of  an  eye  not  only  destroys  much  of  an  individual's  visual  pros- 
pects, but  produces  a  deformed  and  repulsive  physical  condition  mor- 
tifying to  the  patient  and  distressing  to  his  friends. 

While  eyes  are  frequently  lost  from  non-traumatic  causes,  it  never- 
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theless  happens  that  the  necessity  for  eyeball  removals  often  follows 
in  the  wake  of  an  accident,  and  inasmuch  as  most  serious  traumaa 
occur  to  laborers,  it  transpires  that  a  large  proportion  of  such  opera- 
tions are  performed  upon  this  class  of  people.  Almost  all  corporations 
at  the  present  time  either  employ  surgeons  to  care  for  their  injured 
employees,  or  are  protected  by  some  form  of  accident  insurance.  It, 
therefore,  usually  happens  that  men  with  injured  eyes  are  cared  for 
promptly  by  a  company  surgeon,  who  endeavors  to  place  the  eye  in 
the  most  favorable  condition  to  ])e  saved.  This  is  done  not  only  in  the 
interests  of  the  patient,  who  should  ])e  given  every  opportunity  for 
ocular  salvation,  but  also  to  protect  the  company  from  personal-injury 
litigation,  as  law  suits  or  threats  of  law  suits  are  extremely  liable  to 
follow  all  forms  of  bodily  accidents.  The  laudable  desire  (under  these 
circumstances)  to  save  eyesight  or  at  least  a  sightless  eye,  sometimes 
leads  the  surgeon  into  the  error  of  endeavoring  to  rescue  an  eye  that  is 
manifestly  lost  at  the  beginning.  It  is  difficult  for  the  surgeon  to 
forget  that  the  amount  of  his  company's  legal  responsibility  may  be 
based  on  the  amount  of  manifest  injury  the  patient  has  received,  and 
that  some  portions  of  an  eyeball  saved  will  appear  better  to  a  jury 
than  if  a  complete  enucleation  has  been  performed.  Let  it  not  be 
understood  that  the  writer  deprecates  any  reasonable  effort  toward 
ocular  salvation,  for  this  is  not  the  case ;  he  merely  wishes  to  remind  the 
surgeon  that  some  eyes  are  primarily  so  badly  damaged  that  any  effort 
at  their  preservation  is  worse  than  useless ;  and,  therefore,  such  a  course 
is  bad  practice  and  is  sometimes  follow^ed  by  the  loss  of  the  other  eye 
from  sympathetic  oi)ht]ialniia.  Instances  of  this  nature  are  very  liable 
to  occur  when  steel  fragmrnls  liave  been  driven  into  the  eye  and  have 
been  removed  by  a  magnet. 

What  eyeballs  shall  wc  remove?  As  a  rule  it  is  not  wise  to  under- 
take the  preservation  of  an  eye  into  which  a  very  large  piece  of  steel 
has  been  driven  and  the  ocular  laceration  is  excessive.  The  magnet 
may  remove  the  steel,  but  no  useful  result  has  then  been  accomplished, 
as  almost  invariably  either  speedy  panoplithalmitis  develops  or  a  pro- 
tracted uveitis  ensues,  followed  hy  a  shrunken,  painful,  deformed, 
sightless  and  dangerous  eye  thai  will  be,  or  at  least  siiould  be,  removed 
in  order  to  afford  the  patient  comfort  and  safety.  Meanwhile  much 
time  has  been  lost  and  considerable  useless  expense  incurred,  and  after 
perhaps  weeks  of  effort  the  eye  is  then  removed,  a  procedure  which, 
perhaps,  should  have  been  accomplished  immediately  after  the  acci- 
dent. A  manifestly  destroyed  eye  should  be  i-cmoved  at  once,  disre- 
garding all  professional  pride  in  the  attempt  to  save  tiie  globe  ami  all 
desires  to  placate  the  feelings  of  the  patient  or  his  frimds.    'I'hc  patient 
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miK'li  more  ruadiiy  consents  to  an  eyeball  removal  immediately  after 
tlie  accident  than  when  some  weeks  have  transpiretl  and  he  still  has  an 
eye  which,  though  shrunken,  sightless,  irritable  and  dangerous,  is  yet 
oiu>  from  which  he  can  hardly  be  persuaded  to  part.  The  surgeon, 
on  the  other  hand,  after  weeks  or  months  of  effort,  hesitates  to  acknowl- 
edge defeat  l)y  advising  an  eyel)all  emicleation  and  thus  the  patient 
perhaps  remains  possessed  of  an  apologeti(;  eyeball,  which  is  a  constant 
care  and  menace,  and  from  wliich  lie  should  have  been  separated 
at  the  beginning.  There  can  be  no  doubt  that  while  the  magnet  has 
accomplished  much  good,  and  has  preserved  many  useful  eyes,  it  has 
increased  the  inunber  of  cases  of  sympathetic  ophthalmia  by  encourag- 
ing tlie  elforts  at  eyeball  preservation  in  unsuitable  cases.  For  this  the 
magnet  is  in  no  way  to  blame,  however,  as  the  fault  lies  with  the  sur- 
geon whose  optimistic  tendencies  persuade  him  to  undertake  the  accom- 
plishment of  an  apparently  unfeasible  i)roposition. 

The  usefulness  of  an  eye  is  confined  to  two  considerations,  viz.,  vision 
and  beauty,  and  when,  through  accident  or  disease,  both  of  these  attri- 
butes are  lost,  and  in  addition  an  element  of  danger  is  added,  the  eye 
should  be  removed. 

The  best  judgment  of  well-ripened  experience  is  sometimes  taxed  in 
advising  a  course  of  action  subsequent  to  an  ocular  trauma  and  it 
should  be  remembered,  notwithstanding  what  has  just  been  said,  that 
many  good  eyes  and  considerable  useful  vision  not  infrequently  follow 
the  wise  and  conservative  care  of  such  cases.  Scleral  ruptures  are  not 
as  unfortunate  as  severe  injuries  in  the  anterior  portion  of  the  eye, 
and  a  globe  in  which  a  pure  scleral  injury  has  occurred  should  be 
conservatively  watched  before  enucleation  is  advised.  It  is  frequently 
difficult  to  judge  as  to  the  advisability  of  eyeball  removals  and  a  deci- 
sion should  be  reached  by  experience,  judgment,  the  probability  of 
primary  infection  and  the  extent  and  location  of  the  injury,  it  being 
remembered  that  traumas  in  the  ciliary  region  are  more  dangerous 
than  those  inflicted  in  other  regions,  although  this  statement  has  been 
called  in  question  by  several  recent  writers. 

It  sometimes  becomes  necessary  to  remove  eyeballs  for  conditions 
that  are  practically  non-traumatic  in  their  origin,  such  as  in  the  various 
infections,  in  tumors,  staphyloma,  hydrophthalmos,  glaucoma,  atro- 
phied and  irritable  globes,  corneal  ulcerations  and  their  sequelee,  iritis, 
panophthalmitis,  sympathetic  ophthalmia,  operative  infections,  etc.  It 
must  not  be  understood  that  all  of  these  conditions  invariably  require 
some  form  of  eyeball  removal,  but  each  of  these  diseases  may  become 
so  intense  and  aggravated  in  character  as  to  demand  the  execution  of 
some  variety  of  this  surgical  procedure.     Some  of  these  conditions. 
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such  as  operative  infectious,  traumatic  panophthalmitis  and  corneal 
ulcerations  (if  produced  from  some  accident  such  as  a  foreign  body 
lodging  in  the  cornea,  etc.)  should,  strictly  speaking,  be  classified  as 
injuries. 

It  may  be  said  in  a  general  way  that  all  eyeballs  permanently  bereft 
of  vision,  that  ai'e  persistently  inflamed,  painful  and  irritable,  should 
be  removed.  Concerning  tumors,  it  may  be  said  that  almost  all  cases 
of  intra-ocular  tumors  call  for  eyeball  removal,  remembering,  how- 
ever, that  syphilitic  growths  can  usually  be  dissipated  by  proper  treat- 
ment. Orbital  tumors  generally  demand  eyeball  enucleation,  unless 
they  can  be  removed  from  the  side  of  the  eye,  or  by  some  such  opera- 
tion as  that  recommended  by  Kronlein. 

It  may,  then,  be  said,  as  a  summary  of  this  part  of  the  subject,  that 
the  following  conditions  usually  call  for  some  form  of  eyeball  removal. 

1.  Severe  injuries  (especially  involving  the  ciliary  region)  where 
good  judgment  dictates  the  operation. 

2.  Unremovable,  intraocular  foreign  bodies. 

3.  Suppurative  panophthalmitis. 

4.  Blind  eyes  producing  sympathetic  irritation,  or  sympathetic 
ophthalmia  in  any  stage. 

5.  Eyes  (still  retaining  vision)  that  are  beginning  to  produce 
sympathetic  ophthalmia  or  marked  sympathetic  irritation,  it  should 
be  remembered  that  where  pathological  processes  have  been  trans- 
mitted before  enucleation  has  been  performed,  the  operation  is  power- 
Jess  to  prevent  sympathetic  ophthalmia.  If  sympathetic  ophthalmia 
does  not  occur  within  four  or  five  weeks  after  enucleation,  it  is  unlikely 
to  occur  at  all. 

6.  Eyes  possessing  intra-  or  extraocular  malignant,  tubercular  or 
syphilitic  growths  that  cannot  be  completely  removed  either  by  treat- 
ment or  by  operation. 

7.  Persistently  painful  or  irritable  stumps  left  after  eyeball  re- 
movals, where  a  complete  enucleation  has  not  been  performed;  also 
shrunken  eyeballs  that  are  painful  and  irritable. 

8.  Suppurating  sockets  intractable  to  other  treatment. 

9.  All  blind,  persistently  sensitive  and  irritable  eyeballs. 
1".     Total  corneal  or  extensive  bulbar  staphyloma. 

1 1.  Huplithalmos  and  hydrophthalmos. 

12.  Blind,  deformed  eyeballs. 

13.  Painful,  absolute  glaucoma  not  relieved  by  other  procedures. 

14.  Profuse,  painful,  intractable  intraocular  bcmorrhage.  This 
usually  proceeds  eilher  from  an  accident  or  ffoin  an  opci'ation. 
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IT).  HIiiul  or  nearly  blind  eyes  with  a  dislocated  lens  or  detached 
retina,  whero  intlamnialion,  pain  and  visnai  defects  unite  to  make  life 
burdensome. 

16.  Cranial  intlauiniations  caused  by  fractured  orbital  roofs,  where 
the  seat  of  trouble  caunot  be  reached,  and  where  life  may  be  at  stake. 

It  is  generally  conceded  that  little,  if  any,  benefit  results  from  the 
enucleation  of  a  primarily  diseased  or  injured  eye  after  a  plastic  irido- 
choroiditis  has  developed  in  the  second  eye,  although  many  surgeons 
believe  that  sympathetic  ophthalmia  runs  a  milder  course  and  is  less 
likely  to  recur  if  the  exciting  eye  has  been  removed.  Indeed,  if  any 
vision  remain  in  the  primarily  affected  eye,  it  is  wiser  to  retain  this 
eye,  since  prognosis  as  to  eventual  sight  is  better  in  it  than  in  the  sec- 
ondarily affected  eye.  It  should  not  be  forgotten  that  the  surest  pre- 
ventive against  sympathetic  ophthalmia  is  the  prompt  removal  of  really 
dangerous  eyes,  especially  if  vision  and  beauty  have  already  been 
destroyed. 

Enucleation  and  panophthalmitis.  The  question  of  the  removal  of 
an  eye  by  enucleation  during  an  attack  of  panophthalmitis  is  as  yet 
unsettled.  Some  observers  are  opposed  to  such  a  procedure,  while 
others  believe  it  justifiable,  unless  the  infection  and  swelling  are  most 
excessive.  However,  the  writer  has  enucleated  many  eyes  in  the  presence 
of  various  grades  of  panophthalmitis  and  has  never  had  cause  to  regret 
it.  It  is  a  significant  fact  that  out  of  10,734  cases  of  simple  enucleation 
collected  from  the  reports  of  the  Oph.  Soc.  U.  K.  {Trans.  Opli.  Soc. 
of  TJ.  K.,  1898,  p.  239)  there  occurred  only  7  cases  of  fatal  menin- 
gitis. All  of  these  7  cases  were  instances  of  suppurative  panophthal- 
mitis, but  it  cannot  be  proven  that  the  enucleation  caused  all  the 
deaths;  they  might  have  occurred  without  operative  interference,  as 
instanced  by  a  case  reported  by  Webster  in  the  Transactions  of  the 
Medical  Society  of  the  State  of  New  York  for  1888.  Becker  claimed 
in  1888  that  only  43  cases  of  meningitis  after  enucleation  had  ever 
been  placed  on  record.  There  can  be  no  doubt  that  while  meningitis, 
thrombo-phlebitis  and  orbital  abscess  may  follow  the  enucleation  of  a 
panophthalmitic  eye,  the  risk  is  exceedingly  small  and  that  many 
operators  of  large  experience  have  never  seen  such  a  case.  The  writ- 
ings and  statistics  of  Andrews  {New  York  Medical  Journal,  Dec.  29, 
1888,  Vol.  48,  p.  701),  Pooley  {Annals  of  Ophthal.,  1897,  p.  243), 
H.  Knapp  (Norris  and  Oliver,  Sys.  of  Dis.  Eye,  Vol.  3,  p.  887),  Becker 
{Die  Universitatsaugenklinik  zu  Heidelberg,  1888),  Noyes  {Trans. 
Amer.  Ophthal.  Soc,  1888  and  1889,  p.  314),  Brudenell  Carter, 
McIIardy,  Gunn,  Panas,  Dufour,  Motais,  Gayet  and  others  are  strong 
arguments  in  favor  of  the  practical  safety  of  this  procedure. 
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The  cutting  of  the  optic  uerve,  however,  during  an  enucleation 
which  is  accompanied  by  panophthahnitis  surely  opens  up  a  pathway 
of  infection  from  the  eye  to  the  brain,  a  surgical  fact  which  no  one 
can  afford  to  ignore,  and  numerous  instances  can  be  founci  in  opththal- 
mic  literature  testifying  to  the  occurrence  of  fatal  meningitis  after 
enucleation  performed  in  the  presence  of  panophthalmitis.  Such 
instances  may  be  found  in  the  writings  of  Graefe  {Trans.  Intemat. 
Oph.  Congress,  1900),  Nettleship  {Trans.  Oph.  Soc.  of  U.  K.,  1886, 
p.  445),  Coppez,  Panas  {Arch.  d'Ophtal,  Vol.  18,  No.  9,  1898), 
Hobby  {Amer.  Jour,  of  Ophtlial.,  1886,  p.  141),  Delibes  {La  Clinique 
Ophtal,  July  25,  1898),  Risley  {Jour.  Amer.  Med.  Assn.,  Oct.  21, 
1893,  p.  298),  Siffre  {Amiales  d'OcuUst,  April,  1892,  p.  249),  Enslin 
{Arch.  f.  Angenhcil.,  Sept.,  1904),  Kuwahara  {Arch.  f.  Augenheil., 
Sept.,  1904),  Higgins,  Mules,  Lapersonne,  Meyer,  Galezowski,  Abadie, 
and  others.  Nettleship  {Trans.  Oph.  Soc.  of  U.  K.,  1886,  Vol.  6,  p. 
445)  and  others  have  recorded  cases  of  thrombosis  of  the  cavernous 
sinus  following  enucleations.  Nor  is  meningitis  the  only  serious  con- 
sequence that  may  follow  enucleation  during  panophthalmitis,  for, 
contrary  to  the  belief  entertained  by  some  surgeons  that  sympathetic 
inflammation  of  the  opposite  eye  does  not  follow  panophthalmitis  in 
the  other,  Ahlstrom,  Schirmer  (Graefe-Saemisch  Handbuch,  1900,  23- 
25)  and  Wiirdemann  have  reported  cases  where  this  unfortunate  ter- 
mination has  occurred.  These  cases  seem  to  contradict  the  theory  of 
Leber  and  Deutschmann  ( Graefe 's  Arch.  f.  Ophtlial.;  also  Arch.  f. 
Ophthal.,  1885,  Vol.  4,  p.  251)  that  the  panophthalndtic  intlammation 
plugs  up  the  lymph  passages  and  prevents  germ  migration,  also  the 
theory  of  Gifford  {Jour.  Amer.  Med.  Assn.,  Feb.  10,  1900;  also 
Arch,  of  Ophthal.,  Vol.  15,  No.  3,  1886)  that  the  infiltration  of  pus 
corpuscles  in  the  optic  nerve  lymph  spaces  prevents  bacterial  inva- 
sion of  the  sound  eye. 

When  the  extreme  rarity  (only  one  case  in  1,596  cases  at  Moor- 
fields  {Trams.  Oph.  Soc.  of  U.  K.,  1898,  p.  243)  of  the  occurrence  of 
sympathetic  ophtliahnia  after  enucleation  is  considered,  as  compared 
with  other  forms  of  eyeball  removal,  the  question  may  well  be  raised 
as  to  whether,  all  things  considered,  enucleation  is  not  tlie  safest 
operation.  In  most  cases  of  both  meningitis  and  syiiii)athcti('  0])li1hal- 
mia,  following  any  form  of  eyeball  removal,  it  is  diftlcult  to  establish 
the  fact  of  connection.  The  causative  factor  may  have  passed  beyond 
the  eyeball  and  into  the  connecting  tract  before  the  operation  was 
performed,  in  wliich  case  the  disease  will  occur  after  tlie  operation, 
which  will  ffefjiieiilly  he  erroneously  accused  ol'  pivciijilatiii.u-  the 
disaster.      In  the  event   of  synipalhetie  oplit hahiiia  oeeurfing  after  an 
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oyoball  reniov;il.  for  iiistaiict".  it.  is  (luitc  wrll  conceded  that  it  is  only 
when  tlie  diseast'  ap])eai's  within  IVom  ahoiit  three  to  four  weeks  after 
the  operation  that  the  hitter  sliouhl  he  accused  of  producing  the  sym- 
pathetic oplithalniia,  and  even  then  the  guilty  connection  may  be  diffi- 
cult to  establish.  As  is  well  established,  sympathetic  ophthalmia  rarely 
occui's  in  tlie  first  month  after  an  injury,  very  rarely  in  the  second 
and  third  montli.  most  t're(|Uently  in  the  fourth  and  fifth  months,  and 
then  more  and  more  rarely  dui'ing  the  succeeding  months  and  years 
of  life. 

It  is  a  statement  whicli  is  justified  by  a  careful  inspection  of 
recorded  cases,  tliat  a  vast  majority  of  instances  of  meningitis  and 
sympathetic  ophtbalniia,  following  any  form  of  eyeball  removal,  have 
hai)i)ened  in  cases  where  there  could  have  been  a  well-grounded  sus- 
picion that  these  diseases  would  have  occurred  if  no  operation  what- 
ever had  been  performed.  It  would  be  difficult  indeed  to  establish 
the  fact  that  any  particular  method  of  eyeball  removal  is  especially 
prone  to  produce  either  meningitis  or  sympathetic  ophthalmia,  and 
it  would  be  equally  difficult  to  prove  that  any  method  is  conspicu- 
ously exempt  from  disastrous  consequences.  Each  operation  has  its 
friends  and  its  foes,  its  advantages  and  disadvantages,  and  while  some 
form  of  enucleation  is  performed  more  than  any  other  method  of 
operation,  yet  many  other  procedures  have  their  places  in  ophthalmic 
surgery,  and  the  wisest  surgeon  is  he  who  can  and  does  utilize  the 
various  operations  under  circumstances  best  adapted  for  their  use. 

Evisceration  versus  enucleation.  Practically  all  the  eyeball  removal 
operations  that  have  been  devised  since  the  Ferrall  or  Bonnet  method 
have  originated  in  a  desire  to  lessen  deformity,  and  avoid  meningitis 
or  sympathetic  ophthalmia.  It  was  largely,  for  instance,  the  fear  of 
severing  the  optic  nerve  during  an  attack  of  panophthalmitis  and 
opening  an  infective  communication  with  the  brain  that  induced  the 
operation  of  evisceration.  Coupled  with  this  idea  was  the  conviction 
that  inasmuch  as  the  sclera  and  muscles  were  left  intact,  a  large, 
movable  stump  would  result  and  that  therefore  a  prominent,  mobile, 
artificial  eye  would  materially  mitigate  the  deformity.  It  is  still  felt 
by  many  observers  that  evisceration  is  safer  than  enucleation  in 
panophthalmitis,  but  only  a  few  surgeons  hold  to  the  belief  that  it 
affords  a  better  or  more  mobile  stump  than  is  obtained  after  a  well- 
executed  enucleation,  especially  where  muscular  power  is  retained  by 
some  method  of  suturing  the  muscles  together.  While  the  stump  after 
evisceration  is  primarily  movable  and  prominent,  these  qualities  are 
ultimately  largely  lost,  owing  to  the  inevitable  scleral  atrophy  and 
retraction  of  the  ocular  tissues  into  the  posterior  portion  of  the  socket. 
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Comparative  measurements  of  rotation  as  between  enucleation  and 
evisceration  as  compiled  by  Hotz,  True  and  de  Schweiuitz  {Inter- 
nat.  Congress,  1900),  demonstrate  the  truth  of  this  statement.  Besides 
this,  notwithstanding  the  statements  of  such  observers  as  Gifford 
{Trans.  St.  Loim  OpJithal.  Soc,  1906),  Henderson  {Trans.  St.  Louis 
Ophthal.  Soc.  1906)  and  others,  who  feel  that  inasmuch  as  the  optic 
and  ciliary  nerves  are  not  cut  the  danger  of  sympathetic  ophthalmia 
is  lessened,  there  is  an  impression  in  ophthalmological  circles  that 
sympathetic  ophthalmia  is  more  apt  to  follow  evisceration  than  enu- 
cleation. See  a  discussion  of  this  important  subject  under  Sympathetic 
ophthalmia. 

Sympathetic  opJitJialmia  after  evisceration.  When  it  occurs  this 
deplorable  result  is  due  to  failure  to  cleanse  thoroughly  the  interior 
of  the  sclera  of  all  uveal  tissue.  Schieck  {Bericht  der  Ophthal. 
Gesell.,  Vol.  5,  1908,  p.  355),  Hotz  {Internat.  Oph.  Congress,  1900), 
Schmidt-Eimpler  and  others  have  reported  instances  of  this  kind. 
Such  uveal  shreds  contain  structures  liable  to  produce  sympathetic 
ophthalmia,  and  should  be  absolutely  removed,  and  as  this  is  difficult 
of  attainment  (as  well  as  for  other  reasons)  the  operation  has  rather 
fallen  into  disfavor.  It  is  a  simpler  operation  than  enucleation, 
especially  when  there  is  great  infection,  swelling  and  adhesion  of  the 
orbital  tissues;  but  if  great  care  is  taken  to  eviscerate  completely  the 
ocular  contents,  and  then  to  cauterize  the  scleral  lining  with  carbolic 
acid,  it  would  seem  that  it  should  be  a  reasonably  safe  and  reliable 
procedure. 

Nevertheless,  de  Schweinitz  narrates  {Internat.  Oph.  Congress, 
1900)  an  interesting  case  in  which  he  carefully  eviscerated  an  eye, 
taking  great  pains  to  clean  the  interior  of  the  scleral  cup.  He  after- 
wards enucleated  the  same  eye  on  account  of  a  painful  stump.  A 
microscopical  examination  revealed  uveal  tissue  that  he  had  not 
removed.  Waldispiihl  {Correspo7idenzhldtt,  fiir  Schiceizer  Acrtze., 
Vol.  16,  1896,  p.  3)  records  a  similar  case.  This  shows  how  impos- 
sible it  is  for  even  a  careful  and  skillful  operator  to  be  sure  of  the 
thorough  removal  of  all  dangerous  material.  The  first  reports  after 
Graefe's  endorsement  of  evisceration  were  exceedingly  flattering,  for 
according  to  Bunge  {Mittheil,  aus  der  UniversitdtsaugenJdinik  zu 
Halle,  1887)  in  1887,  no  case  of  death  or  sympathetic  ophthalmia  fol- 
lowed Graefe's  first  240  cases.  Shortly  after  this  Schuleck  lost  two 
patients  out  of  36  eviscerations  and  since  then  enough  unfortunate 
cases  have  been  reported  to  cause  many  surgeons  to  fear  this  opera- 
tion.    II.  Knapp  practistnl  evi-sceration  until  1883,  wlim  he  ciicoun- 
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tered  a  severe  ease  of  orl)ital  cfllulitis  aiul  thrombosis  which  caused 
liim  to  practically  ahaiidoii  tlic  oix'i'ation. 

Tin  aucsthitic  to  be  employed  in  exeision  of  the  eyeball.  In  any 
form  of  operation  for  the  removal  of  an  eyel)all  it  is  best  to  employ  a 
jrt'neral  anesthetic  if  possible.  StH>  Anesthesia  in  ophthalmic  surgery, 
page  420,  Vol.  I  of  this  Eney elope dio. 

Local  anesthesia  may  be  used  if  the  patient's  physical  condition  is 
such  as  to  render  it  inadvisable  to  administer  a  general  anesthetic,  or 
if  he  is  radically  ()i)p()S('d  to  etliei-,  chloroform,  etc.,  and  is  willing  to 
be  brave  if  a  local  anesthetic  is  used.  Children  are  not  suitable  sub- 
jects for  local  anesthesia.  Bruns  {New  Orleans  Med.  and  Surg.  Jour., 
Dec.,  1909)  in  1909  reported  that  in  his  clinic  at  New  Orleans  local 
anesthesia  was  used  altogether,  except  in  cases  of  young  children,  or 
in  excitable  and  timorous  persons.  In  case  local  anesthesia  is  em- 
ployed, any  suitable  drug  may  be  used,  such  as  cocaine,  stovaine, 
holocaine,  novocaine,  the  Schleich  method,  etc. 

Cocaine  was  first  used  for  enucleation  by  Cocks  in  1884  and  was 
afterwards  recommended  by  A.  D.  Williams  in  1886 ;  by  Tossiwill, 
Bankart,  Roper  and  Lightfoot  in  1888;  by  J.  A.  Campbell  in  1889; 
by  Jackson,  Armaignac  and  Dunn  in  1892,  by  Chavez  in  1896.  Terrien 
in  1906 ;  p]llis,  Langworthy  and  Siegrist  in  1907  and  others  during 
later  years. 

Suhco7ijttnctival  anesthesia  in  enucleation  of  the  eyeball.  Terrien 
begins  his  operations  by  producing  conjunctival  anesthesia  and  then 
using  a  sub-coujunetival  injection  of  1  cgm.  of  morphia.  He  then  uses 
cocaine  locally  and  hypodermically  and  proceeds  to  operate.  When 
he  is  about  to  cut  the  optic  nerve,  he  injects  into  the  tissues  surround- 
ing the  nerve  1  cc.  of  the  following  formula : 
Hydrochlorate  of  cocaine 
Hydrochlorate  of  morphia,  of  each,  ,01 

Stovaine, 

Sodium  chloride,  of  each  .02 

Distilled  water  5.00 

He  highly  recommends  this  method,  and  says  that  hyperemic  cases 
are  the  most  painful  and  that  in  such  cases  holocaine  acts  the  best. 

Siegrist  commences  with  a  mixture  of  cocaine  and  adrenalin,  and 
then  injects  underneath  the  conjunctiva  and  over  the  four  recti  mus- 
cles 0.75  gr.  of  a  2  per  cent,  solution  of  novocaine,  to  which  some 
adrenalin  has  been  added.  By  waiting  two  or  three  minutes  after 
these  injections  he  claims  that  a  painless  operation  may  be  performed. 
He  says  that  novocaine  is  less  dangerous  than  cocaine  and  that  he 
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injected  in  one  ease  3.0  gm.  of  novocaine  without  producing  any  unto- 
ward symptoms. 

Weiss  (Die  Ophthal.  Klinik.,  June  20,  1898,  p.  214)  strongly  urged 
the  Schleieh  infiltration  anesthesia  for  eyeball  enucleations.  He  says 
that  cutting  of  the  optic  nerve  did  not  even  give  rise  to  the  usual  sen- 
sations of  light  generally  observed  in  removing  an  eyeball  without 
general  anesthesia.  The  infiltration  is  made  by  injecting  half  a  hypo- 
dermic syringeful  of  the  Schleieh  solution  beneath  the  conjunctiva, 
over  the  four  recti  muscles,  and  also  by  making  deep  injections  near 
the  optic  nerve.  For  the  last  injection  he  uses  Schleieh 's  long  curved 
needle.  Edema,  of  course,  follows  which  soon  subsides  after  the 
operation. 

Robin  {Neiv  Orleans  Med.  and  Surg.  Jour.,  December,  1907), 
warmly  recommended  a  mixture  of  cocaine  and  adrenalin,  and  injected 
it  deeply  along  each  rectus  muscle,  using  ' '  10  drops  of  a  mixture  con- 
taining 10  drops  of  a  4  per  cent,  solution  of  cocaine,  10  drops  of 
adrenalin  chlorid  (1/1000),  and  20  drops  of  normal  salt  solution,  of 
which  10  drops  are  injected  about  tlie  optic  nerve  before  severing. 
Total  amount  of  cocaine  injected  is  from  %  to  i/o  grain." 

Where  local  anesthesia  is  considered  advisable,  the  method  usually 
prescribed  is  the  following:  A  4  per  cent,  solution  of  cocaine  should 
first  be  freely  dropped  upon  the  eyeball.  After  local  anesthesia  is 
produced,  a  1  per  cent,  solution  of  cocaine  is  subconjunctivally  injected 
over  the  insertion  of  each  rectus  muscle,  after  which  the  circumcorneal 
incision  and  the  undermining  of  the  conjunctiva  can  be  painlessly 
accomplished.  The  muscle  tendons  should  then  be  anesthetized  by 
injecting  a  few  drops  of  a  1  per  cent,  solution  into  the  capsule  of  Tenon, 
just  above  each  tendon,  directing  the  stream  along  the  plane  of  the 
muscle  and  close  to  the  sclera,  after  which  the  tendons  can  be  severed 
from  their  scleral  attachments.  A  few  drops  of  cocaine  should  now 
be  injected  into  the  tissues  directly  around  the  optic  nerve  and  in  a 
few  minutes  the  nerve  can  be  cut  without  much  pain. 

Sliould  it  ])('  determined  to  remove  an  eyeball,  several  different 
m(!thods  may  be  employed,  viz.,  enucleation  ;  evisceration ;  abscission ; 
the  insertion  of  an  artificial  vitreous  within  the  sclera;  the  insertion 
of  an  artificial  ball  within  the  capsule  of  Tenon ;  the  insertion  of  an 
artificial  ball  within  the  muscles  and  conjunctiva  ;  and  optico-ciliary 
neurotomy  or  neurectomy. 

ENUCLEATION. 

So  lar  as  can  he  asccrtaiiicil  llic  first  scimtilic  attempt  at  the  extir- 
pation, or  cnuclcatioii.  of  an  I'vcball  was  made  by  Laiiiif  in  1555,  who. 
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however,  f.-iilcd  to  leave  a  record  as  to  his  method  of  procedure, 
although  he  re|>oi'te(l  his  exi)erieiice.  Al)Out  the  first  recorded  method 
of  enueU^ation,  or  '" extirpation"  as  it  was  called,  was  descrihed  in 
1583  by  George  Bartisch  {Ophthalmodoulcia  oder  Augendicnst,  1583), 
of  Konigsbriick,  in  Saxony.  I'ntil  about  1850  eyes  were  extirpated 
practically  only  in  such  cases  as  cancers,  tumors,  fungus  hematodes, 
etc.,  and  the  method  was  rarely  employed  under  any  circumstances. 
Bartisch  passed  a  strong  needle  and  thread  through  the  eyeball  and 
then  whil(>  making  traction  on  the  thread  and  eyeball,  passed  behind 
the  eye  a  shai-ji  knife,  or  spoon,  and  scooped  and  cut  away  the  globe 
from   all    its   attachments.     Before  permanently  adopting  the   spoon 


The  Extirpation  Aletliod  of  Bartisch. 

knife,  however,  he  first  experimented  with  a  small  razor-shaped  knife 
with  which  he  severed  the  eye  from  its  orbital  attachments.  The  opera- 
tion was  so  dreadful  that  Guthrie,  in  his  work  on  the  eye  published  in 
1823,  mentions  the  fact  that  Bartolini  endeavored  to  mitigate  its 
severity  by  pulling  out  a  cancerous  eye  by  hooks,  a  mild  procedure, 
followed  in  three  days  by  the  death  of  the  patient  in  convulsions. 

Some  of  Bartisch 's  followers,  including  Fabrici  de  Hilden  {Obser- 
vation. Chirurg.,  1646),  who  wrote  on  the  subject  in  1646,  used  a 
double-edged  knife,  instead  of  a  spoon,  after  the  conjunctiva  had  been 
separated  from  the  bulb  by  what  is  known  as  a  circumcorneal  incision. 
This  method  was  used  without  many  variations  for  years  until  Louis 
proposed,  according  to  Rowley  {Diseases  of  the  Eye)  in  1790,  as  a 
substitute  for  the  knife,  the  use  of  flat,  blunt,  cur-ved  scissors  and 
hooked  forceps. 
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Mackenzie,  in  his  work  published  in  1830,  tells  of  a  woman  who 
had  to  undergo  an  eyeball  extirpation  on  account  of  a  large  orbital 
tumor.  She  was  bled  until  she  was  unconscious  and  the  eyeball  cut 
away  before  she  recovered. 

Bickerton  {Medical  Times  and  Gazette,  May  1,  8  and  15,  1897)  says, 
"The  severity  of  the  operation  is  best  shown  by  the  rareness  with 
which  it  was  performed."  He  quotes  Bowman,  who  says  that  at  the 
Eoyal  Ophtlialmic  Hospital  from  1839  to  1848,  although  1,419  opera- 
tions were  performed,  only  four  extirpations  were  made.  During  this 
period  2,302  cases  of  injury  were  seen,  24  cases  of  "fungus  of  the 
globe"  and  16  cases  of  tumors  of  the  orbit.  Bickerton  further  says 
that:  "Up  to  the  year  1850,  then,  the  only  operations  in  vogue  for 
the  relief  of  injured  and  painful  blind  eyes  were:  (a)  Simple  incision 
of  globe;  (b)  'Sinking  of  the  globe,'  i.  e.,  a  flap  of  the  cornea  was  cut 
away  by  curved  scissors,  a  dose  of  laudanum  administered,  and  a  lin- 
seed meal  poultice  applied  to  the  eyelids,  in  order  to  evacuate  the  con- 
tents of  the  globe.  (AYhite-Cooper,  \Nounels  and  Injuries  of  the. Eye, 
1859,  page  57.) 

"(c)  'Abscission,'  i.  e.,  the  removal  by  knife,  scissors,  or  guillotine 
of  a  staphylomatous  cornea,  with  suturing  of  the  corneal  margins. 

"(d)  Slicing  off  painful  fungous  growths,  with  application  of 
nitrate  of  silver  to  the  stump,  a  proceeding  adopted  in  the  cases  of 
soldiers,  where  gunshot  wounds  had  led  to  the  sprouting  of  fungous 
growths  from  the  interior  of  the  globe,  and  attended  with  pain  de- 
scribed as  'driving  the  suflPerer  to  desperation.'  (White-Cooper,  loco 
cit.) 

"What  the  proportion  of  sympathetic  inflammation,  directly  conse- 
quent upon  the  above  methods  of  operation — apart  from  the  original 
injuries — was,  it  is  impossible  to  adequately  estimate ! ' ' 

On  account  of  the  brutal  nature  of  the  extirpation  operation  it  was, 
as  has  been  seen,  but  little  used  for  years,  when  Ferrall  {Dublin  Jour. 
Med.  Science,  Vol.  19,  1841,  p.  335)  in  1841,  Bonnet  {Ann.  D'Oculist., 
Vol.  5,  1841,  p.  27;  and  Vol.  7,  1842,  p.  39)  in  1841  and  Stoeber  (Nor- 
ris  and  Oliver's  System  of  Diseases  of  the  Eye,  Vol.  3,  p.  883)  in  1842, 
proposed  and  executed  the  operation  for  enucleation,  which  has  always 
gone  under  the  name  of  Bonnet's  operation,  although  it  should  prop- 
erly be  called  Ferrall 's.  Even  now  it  is  used  by  probably  a  majority 
of  surgeons,  who  still  take  advantage  of  much  of  the  surgical  technic 
pi'opo.sed  by  Geo.  Critchctt  (Lancet,  Vol.  II.  ])age  386,  1851)  and 
by  White-f'oopor  {Wou)ids  and  hijiirirs  of  the  Eye.  1859)  in  1856. 

When  the  eyeball  seemed  unusually  large,  either  from  natural  or 
unnatural   cau.ses,   the  earlier  operators  were  accustomed   to  slit   the 
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external  rant  has  until  the  globe  eould  he  easily  delivered,  an  expedient 
whit'h  is  now  hut  rarely  used. 

Ferrall  stumbled  across  his  operation  ratber  accidentally,  for,  hav- 
ing a  ease  of  enormous  orbital  tumor  in  which  the  globe  was  entirely 
pushed  out  of  the  socket,  he  merely  cut  the  ocular  muscles,  optic  nerve, 
etc.,  and  delivi-red  the  eyeball,  and  being  much  pleased  with  the  results, 
reported  his  experience  as  ai)Ove  noted  This  article  was  entitled  "On 
the  Anatomy  of  Certain  Structures  in  the  Orbit  Not  Previously  De- 
scribed," and  contained  a  reconnnendation  of  the  operation  in  these 
w'ords : 

"The  comparative  safety  of  an  operation  limited  by  this  fibrous 
tunic  (referring  to  the  capsule  of  Tenon)  is  obvious  but  an  additional 


Landolt  "s  Enucleation  and  Exenteration  Scissors. 


recommendation  will  be  the  facility  of  its  performance.  The  conjunc- 
tiva being  freely  divided,  the  six  tendons  may  be  snipped  across  with 
scissors,  one  after  another,  where  they  emerge  from  the  tunic.  The 
eyeball  will  then  be  easily  detached  by  a  probe  or  director  passed 
freely  around  it ;  when  one  step  alone  would  remain,  the  division  of 
the  optic  nerve." 

The  method  was  not  much  used,  however,  for  some  time,  as  the  old 
operation  of  extirpation  which  was  at  about  this  time  made  less  hor- 
rible by  the  discovery  of  chloroform  had  secured  a  firm  hold  on  the 
profession,  although  in  Skey's  Surgery  of  1850  (p.  623),  it  was  said 
that  ' '  the  use  of  chloroform  in  almost  all  operations  on  the  eye  is  inad- 
missible from  its  well-known  effects  on  the  globe." 

In  narrating  the  early  history  of  this  operation,  the  work  of 
Augustin  Pritchard.  of  Bristol,  should  not  be  forgotten,  for  he,  in 
1850,  w^as  the  first  surgeon  in  England  to  extirpate  an  eyeball  for  a 
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non-malignant  condition.  He  enlarged  the  outer  commissure  and 
scooped  out  the  contents  of  the  socket  with  a  knife  and  scissors.  He 
became  firmly  impressed  with  the  idea  of  sympathetic  ocular  disease 
and  advised,  in  the  Provincial  Medical  and  Surgical  Journal  for  1851, 
page  66,  and  for  1854,  page  909,  the  removal  of  the  irritating  eye. 

Extirpation  or  enucleation  was,  until  about  the  year  1855,  used 
almost  exclusively  in  cases  of  malignant  growths,  a  deep  incision  of 
the  globe  being  used  in  almost  all  other  cases  where  surgeons  to-day 
advise  enucleation. 

In  1855  Greo.  Critchett  read  a  paper  before  the  Hunterian  Society, 
which  was  reported  in  the  Lancet  for  1855,  in  which  he  advocated 
enucleation  in  staphyloma,  intraocular  foreign  bodies,  symblepharon, 
inflamed  and  painful  blind  eyes  and  inflamed  eyes  where  sympathetic 
ophthalmia  seemed  probable.  This  address  widened  the  scope  of  this 
operation  and  placed  it  upon  the  broad  foundation  where  it  at  present 
stands. 

Choice  of  method  in  eyeball  excisions.  In  removing  all  or  any  por- 
tion of  an  eyeball  the  method  of  operating  Ls  one  to  be  carefully 
considered  and  decided  by  the  surgeon.  Every  patient  has  a  right  to 
be  deformed  as  little  as  possible  by  such  a  procedure,  and  to  have  pro- 
vided for  him  the  best  and  most  movable  stump,  consistent  with  safety 
and  the  pathological  condition  present  in  his  case.  The  importance  of 
this  statement,  of  course,  varies  wuth  the  age,  sex,  business  and  social 
position  of  the  patient.  For  instance,  personal  appearance  is  of  less 
importance  in  the  aged  and  the  mature  laboring  man  than  in  young 
people  or  among  the  so-called  higher  classes.  It  is  of  more  significance 
in  women  than  in  men.  As  every  one  rebels  against  deformity  each 
case  should  accordingly  be  given  the  benefits  of  the  best  advice.  And, 
yet,  probably  a  majority  of  the  eyes  that  are  removed  have  been. enu- 
cleated by  the  old-fashioned  Ferrall  or  Bonnet  method  in  which  no 
effort  is  made  to  unite  the  muscles,  conjunctiva,  etc.,  in  order  to  pro- 
duce a  prominent  and  movable  stump  upon  which  an  artificial  shell 
may  rest  and  move.  This  method  commends  itself  to  many  surgeons 
because  it  is  easy  and  rapid,  but  it  leaves  the  patient  with  a  great, 
empty  cup-shaped  socket,  which  affords  no  support  to  the  lids  or  to 
an  artificial  eye.  The  lids  sink  into  the  concavity  when  the  shell  is 
not  in  position,  and  even  when  it  is,  there  is  much  depression,  and, 
owing  to  the  fact  that  no  prominent  and  movable  stump  is  present, 
the  artificial  eye  stares  into  space,  with  death-like  immo])ility.  This 
appearance  is  alikr  mortifying  to  the  patient  and  discreditable  to  the 
surgeon,  and  in  a  vast  majority  of  cases  is  entirely  unnecessary,  as 
better  mdliods  oi'  operating  may  generally  be  used,  producing  such 
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beautiful  results  as  almost,  if  not  (juite.  to  abolish  all  disagreeable  per- 
sonal appearance.  Of  eourse.  the  old  Ferrall,  or  Bonnet,  operation  is 
still  necessary  where  complete  exenteration  of  the  socket  for  tumors, 
etc.,  is  indicated,  where  expeditious  operating  is  imperative,  and,  prob- 
ably, where  extensive  orbital  infection  has  occurred  and  free  drainage 
is  desirable,  but  in  the  majority  of  cases,  this  mutilating  and  deform- 
ing operation  is  entirely  unnecessary  and  should  be  relegated  to  ob- 
scurity, that  it  may  make  way  for  better,  more  modern  and  more 
humane  surgical  jii'occdures. 


The  Ferrall  or  Bonnet  Enucleation.     The  speeuhim  has  been  inserted  and  the 
circunieoi'neal  incision  is  being  made. 

Preparation  of  the  patient  and  surgeon  for  enucleation.  In  the 
operative  descriptions  given  in  this  section  it  is  assumed  that  all 
patients  are  properly  prepared  for  operation  by  a  thorough  cleansing 
of  the  face,  eye-brows  and  eye-lashes  by  thoroughly  scrubbing  the 
parts  with  soap  and  water;  the  eyeball  should  also  be  abundantly 
douched  with  sterile  water  and  some  antiseptic  solution.  This  should 
be  done  before  the  patient  is  brought  to  the  operating  room,  after 
which  a  sterile  pad  and  bandage  should  be  applied.  The  same  cleans- 
ing process  should  be  repeated  after  the  anesthetic  has  been  admin- 
istered and  just  before  the  operation  is  begun.  A  gauze  mask  in  which 
a  large  hole  has  been  cut  to  accommodate  the  affected  eye  should  be 
placed  over  the  face.  The  operator  should  wear  thin,  well-fitting  rub- 
ber gloves.     A  strong  speculum  should  be  inserted  between  the  lids. 
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widely  expanded  and  locked,  although  some  surgeons  prefer  the  use  of 
a  pair  of  Desmarres'  retractors  held  by  an  assistant,  feeling  that  the 
lids  can  be  better  and  more  etfectually  controlled  by  these  instruments 
than  by  a  speculum.  These  preliminaries  should  be  accomplished  in 
all  eyeball  removals,  and  it  will  not  be  necessary  to  repeat  the  direc- 
tions each  time  the  different  procedures  are  described.  It  should  also 
be  assumed,  to  prevent  recapitulation,  that  after  all  operations  the 
operative  area  is  cleansed  thoroughly,  that  some  antiseptic  solution  or 
ointment  is  applied,  that  a  pad  and  bandage  are  adjusted,  that  the 
parts  are  inspected,  cleansed  and  treated  each  day  and  that  all  sutures, 


f/WT)-'|lVl^ 


The  FciimII  Eiincloation  0]ipi-;itioii.     Tlic  cii-cuiiicoi-iioiil  incision  liiis  been  coinpleted. 


except  those  of  catgut,  are  carefully  removed  within  a  proper  period 
of  time.  For  general  purposes,  such  as  conjunctival  and  tendon  cut- 
ting, the  writci"  does  not  use  the  small,  curved,  tenotomy  scissors  em- 
ployed by  most  surgeons,  but  prefers  long,  curved  scissors  of  medium 
weight  and  rounded  points,  as  they  are  more  convenient  to  handle  and 
do  not  stick  into  the  tissues.  He  also  uses  long,  heavy,  curved  scissors 
for  cutting  the  optic  nerve. 

The  Ferrull  or  Bonnet  operation.  After  the  speculum  has  been 
inserted,  expanded  and  locked,  the  conjunctiva  should  be  grasped  with 
the  forceps  near  the  sclero-corneal  junction,  and  an  opening  made  with 
the  scissors.  This  incision  should  be  continued  all  the  way  around  Ihc 
cornea,  completing  what  is  known  as  the  "circumcorneal  incision."  thus 
freely  exposing  1hc  sclera  jind  iift'ordin"^-  easy  access  to  the  recti  niiis- 
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cles.  Tlie  conjunctiva  is  now  seized  by  the  forceps  in  various  places 
and  lifted  up  to  facilitate  its  thorough  separation  from  the  globe  by 
scissors.  This  may  be  difficult  of  accomplishment  if  the  tissues  have 
become  matted  together  by  adhesive  inflammation,  or  torn  by  injuries, 
but  can  be  accomplished  by  careful  and  painstaking  effort.  The  point 
of  the  scissors  should  be  directed  towards  the  eyeball.  This  position 
of  the  cutting  parts  minimizes  the  danger  of  hemorrhage,  as  the  cellu- 
lar and  orbital  tissues  are  very  vascular,  bleed  easily  and  are  readily 
infected.  Care  should  be  taken  not  to  cut  the  sclera,  as  this  accident 
is  not  uncommon,  especially  in  partially  collapsed  globes,  and  greatly 
complicates  the  succeeding  steps  of  the  operation.  The  four  recti 
muscles  should  now  be  separated  from  the  eyeball  and  it  is  better  to 
commence  with  the  superior  rectus,  as  the  tendency  is  for  the  eye  to 
roll  upwards  during  anesthesia.  When  this  muscle  is  cut  such  ten- 
dency is  greatly  minimized  and  the  other  tenotomies  are  more  readily 
accomplished.    In  doing  a  tenotomy  the  overlying  conjunctiva  should 


Brazil 's  Enucleation  Knife. 

be  raised  with  the  forceps  and  a  strabismus  hook  forced  underneath 
the  tendon;  the  latter  is  then  pulled  forward  and  severed  from  its 
sclerotic  attachment  as  close  to  its  insertion  as  possible,  taking  great 
pains  not  to  injure  Tenon's  capsule,  as  this  membrane  should  always 
be  conserved,  if  possible,  to  protect  the  soft  orbital  tissues  and  to 
improve  the  appearance  and  usefulness  of  the  stump. 

Some  operators  make  use  of  a  special  knife  (like  the  Brazil  instru- 
ment pictured  in  the  text)  for  severing  the  tendinous  and  other  bul- 
bar tissues. 

After  all  the  tendons  have  been  tenotomized,  the  speculum  should 
be  forced  into  the  socket,  which  will  cause  the  eyeball  (no  longer  held 
in  position  by  muscles,  conjunctiva,  etc.),  to  come  forward  and  be 
delivered  from  its  orbital  bed ;  after  wiiich  the  speculum  may  be 
removed  or  not,  according  to  the  desire  of  the  operator.  Practically 
the  globe  is  now  held  in  place  only  by  the  optic  nerve. 

The  Terson  or  DeWeltz  enucleation  spoon  should  at  this  stage  of 
the  operation  be  passed  into  the  socket,  betw^een  the  eyeball  and  the 
posterior  walls  of  the  socket,  and  the  optic  nerve  induced  to  slip  into 
the  slot  of  the  spoon.  Inasmuch  as  the  optic  nerve  converges  from  the 
eyeball  toward  the  nasal  side  of  the  socket,  on  its  way  to  the  optic 
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foramen  to  join  the  optic  nerve  of  the  other  eye,  the  nerve  can  be 
more  easily  found  if  the  spoon  is  introduced  beneath  the  eyeball  from 
the  nasal  side,  and  it  is  usually  best  to  insert  it  from  this  side.  It 
can,  however,  be  passed  in  from  the  temporal  side,  and  it  may  some- 
times be  best  to  do  this  in  case  of  a  very  large  eyeball,  where  the  space 


The  Ferrall  Enucleation.     The  cutting  of  the  tendons. 

between  the  globe  and  inner  wall  of  the  socket  is  much  contracted. 
Some  operators  do  not  use  the  spoon,  but  lift  the  globe  with  fingers  or 
forceps  and  pass  the  scissors  underneath  and  sever  the  nerve.  This 
may  be  facilitated  l)y  extreme  rotation  of  the  eyeball  to  one  side  in 


Optic  Nerve  Hook  for  Use  in  Enucleation  of  the  Eye  (Luer). 

order  to  bring  tlie  nerve  as  near  to  the  surface  as  possible,  when  it 
can  be  more  easily  reached  and  cut.  Some  operators  sever  the  nerve 
without  dislocating  the  globe  forward. 

Geo.  Suker  (Ophthal.  Record,  Jan.,  1902)  recommends  an  enuclea- 
tion forceps,  shaped  something  like  obstetric  forceps,  which  can  be 
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introduced  into  tlic  socket,  l)aek  of  the  eyeball,  one  blade  at  a  time, 
and  then  locked.  AVhen  the  eyeball  is  detached,  it  can  be  withdrawn 
witli  the  forceps. 

Henry  Joseph  proposed  {Arch.  cVOphthal.,  Nov.,  1904,  p.  715)  what 
he  calls  a  "hook  neurotome,"  something  like  a  tonsil  guillotine,  which 
he  claims  can  be  placed  around  the  nerve  with  great  exactness  and  by 
means  of  whicli  the  nei've  can  be  cut  nearly  as  far  back  as  the  optic 
foramen. 

If  the  spoon  is  used,  it  can  be  utilized  to  lift  the  eye  from  its  orbital 
bed  as  far  as  possible  and  the  strong,  blunt,  curved  scissors  should 


Terson  's  Enucleation  Spoon. 


then  be  passed  under  the  spoon  and  a  search  made  for  the  optic  nerve 
by  means  of  the  closed  scissors  blades.  It  will  be  felt  as  a  strong,  tense 
cord,  especially  if  the  spoon  lifts  the  eyeball  upwards,  thus  placing  the 
nerve  on  a  stiff  tension.  When  found,  the  blades  of  the  scissors  should 
be  opened  and  made  to  engage  the  nerve,  which  is  then  completely 
severed  as  far  back  in  the  socket  as  possible.  This  is  especially  im- 
portant when  there  is  fear  of  sympathetic  ophthalmia;  for  if  this  dis- 
ease travels  along  the  optic  nerve  tissue  by  any  form  of  cell-migration, 
the  farther  back  the  nerve  is  cut,  the  greater  is  the  probability  of 
getting  beyond  the  area  of  pathological  invasion. 

While  any  strong,  blunt,  curved  scissors  will  answer  the  purpose  of 
cutting  the  optic  nerve,  those  of  Terson,  suggested  in  1905,  are  espe- 
cially to  be  commended.  The  inner  blade  of  these  scissors  is  quite 
thick,  so  that  when  the  nerve  is  cut  the  blade  forces  the  eyeball  for- 
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ward,  whieli  insures  the  division  of  the  nerve  farther  back  than  can 
be  done  by  other  scissors.  The  hemostatic  scissors  of  Warlomont  may, 
also,  be  used  for  the  same  purpose. 

The  blades  of  the  scissors  should  be  opened  just  wide  enough  to 
engage  tlie  nerve;  if  too  much  expanded  more  or  less  orbital  tissue, 
blood  vessels,  etc.,  will  be  cut,  unwise  mutilation  will  result  and  the 
bleeding  will  be  needlessly  profuse. 

When  it  is  desirable  to  remove  a  large  section  of  the  optic  nerve, 
Knapp  has  suggested  that  before  severing  the  nerve  a  pair  of  curved 
catch-forceps  be  introduced  behind  the  eye  and  the  nerve  securely 
grasped.  The  nerve  should  then  be  cut  between  the  forceps  and  the 
eye,  the  forceps  left  in  position  and  the  eye  delivered.  The  nerve  can 
then  be  drawn  out  and  cut  as  far  back  as  desired. 


The  de  Weltz  Enucleation  Spoon. 

After  severing  the  nerve  the  eye  should  be  lifted  by  fingers  or  for- 
ceps, and  the  oblique  muscles  and  all  connecting  tissues  cut  away  close 
to  the  globe,  until  the  separation  of  the  eye  from  the  socket  is  com- 
plete. Care  should  be  taken  to  avoid  cutting  into  the  orbital  tissues 
as  troublesome  hemorrhage  may  follow.  Do  not  cut  through  the  sclera 
during  any  stage  of  the  operation,  and  especially  when  the  optic  nerve 
is  severed,  an  accident  liable  to  occur  during  the  removal  of  wrinkled 
or  collapsed  globes.  In  the  event  of  such  an  accident,  the  opening 
should  be  sutured  at  once,  and  if  a  piece  of  the  sclera  is  found  adherent 
to  the  optic  nerve  after  the  eyeball  is  removed,  the  nerve  should  be 
picked  up  with  forceps  and  divided  as  far  back  in  the  socket  as  pos- 
sible. 

In  ease  of  a  very  large  eyeball,  as  for  instance  in  buphthalmos,  the 
optic  nerve  may  frequently  be  better  reached  from  the  temporal  side. 
IV'for-c  the  globe  can  be  delivered,  in  such  cases,  it  may  be  necessary 
to  enlarge  the  coiijuin-l  ival  ojicning  made  ])y  the  circumeorneal  inci- 
sion, by  slits  into  its  edges,  between  the  locations  of  the  muscles,  as 
suggested  by  IMeyer,  in  order  to  produce  a  circular  space  sufficiently 
large  to  permit  of  the  egress  of  the  abnormally  large  eyeball.  It  may 
even  be  necessary  to  enlai'ge  the  palpebral  aperture  by  slitting  the 
external  canthus,  although  this  is  very  rarely  necessary  and  should 
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only  be  done  wlien  imperatively  demaiuled.     When  done,  the  incision 
shonld  be  sntnred  as  soon  as  the  eyeball  is  delivered. 

Enucleation  of  coJlapscd  globes.  It  sonietiines  becomes  nece^ary  to 
remove  an  eyeball  that  has  been  ruptured  or  lacerated  and  is  there- 
fore somewhat  collapsed.  These  globes  are  difficult  of  removal,  for, 
being  more  or  less  soft,  they  are  hard  to  operate  upon  and  present 
many  obstacles  to  effecting  a  classical  operation.  In  such  cases  a 
strong,  curved  needle  armed  with  a  strong,  long,  silk  suture  should  be 
passed  directly  through  both  sides  of  the  laceration  and  the  opening 
securely  closed.  The  suture  should  not  be  cut  off  but  allowed  to  hang, 
as  it  serves  an  excellent  purpose  in  affording  a  means  by  which  the 
eyeball  can  be  pulled  from  side  to  side,  thus  facilitating  the  subse- 


The  Joseph  Hook-Neurotome. 


quent  steps  of  the  operation.  If  the  eyeball  is  much  collapsed  it  is 
advisable,  before  the  suture  is  tightened  into  the  knot,  to  inject  it  with 
sufficient  water  to  force  it  into  globular  form,  thus  greatly  aiding  the 
surgical  technique.  Instead  of  filling  the  eyeball  with  fluid,  the  interior 
may  be  tightly  packed  with  cotton  gauze  or  wool  retained  by  the  long 
suture  or  sutures  already  described. 

The  laceration  is  sometimes  so  large  that  more  than  one  suture  is 
necessary  to  retain  the  intraocular  contents,  and  this  is  also  true  when 
there  is  more  than  one  laceration. 

It  is  also  advisable  to  use  a  suture  where  the  coats  of  the  eyeball 
are  weakened  by  corneal  ulceration,  or  by  a  recent  operative  incision 
as  for  cataract,  etc.  In  such  cases  the  globe  is  liable  to  rupture  dur- 
ing enucleation,  especially  when  the  eyeball  is  forced  from  its  socket, 
just  before  the  nerve  is  cut,  thus  embarrassing  the  operator  at  a  most 
inopportune  time.   ' 

The  idea  of  suturing  the  eyeball  before  enucleation  was  taken  ad- 
vantage of  by  Coppez  {La  Clinique  Ophthalm.,  1888;  abstracted  in 
the  iV.  Y.  Med.  Record,  May  11,  1889),  of  Brussels,  who  in  1888  pro- 
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posed  to  operate  upon  all  eyeballs  in  this  manner.  He  passed  a  strong 
suture  through  the  anterior  portion  of  the  eyeball,  then  knotted  it 
and  held  the  suture  in  his  left  hand.  Traction  upon  the  suture  pulls 
the  eyeball  forward  and  from  side  to  side,  so  that  the  conjunctiva, 
muscles,  optic  nerve,  etc.,  are  all  cut  by  scissors  without  the  use  of 
forceps  or  hook.  It  is  difficult  to  conceive  why  this  method  is  superior 
to  others,  and  it  certainly  possesses  some  disadvantages;  for  instance, 
it  would  destroy  many  valuable  pathological  specimens. 


The  Suturing  of  a  Collapsing  Globe  During  Enucleation. 


After  the  eyeball  has  been  enucleated  it  is  advisable  (especially 
where  the  globe  has  been  injured  by  some  projectile)  to  pass  the  finger 
into  the  socket  and  search  for  a  foreign  body,  such  as  wood,  metal, 
glass,  etc.,  as  sometimes  such  substances  pass  entirely  through  the  eye- 
ball and  become  deposited  in  the  orbital  tissues.  Orbital  tumors  should 
also  be  searched  for,  and,  if  found,  they  should,  of  course,  be  removed. 
The  presence  of  most  foreign  bodies  in  the  eye  or  socket  may  be  deter- 
mined before  operating,  by  the  X-ray  apparatus,  and  such  skiagrams 
should  always  be  insisted  upon  in  cases  involving  any  doubt. 

Post-operative  treatment  of  simple  enucleation.  After  the  operation 
the  socket  should  bo  well  irrigated  with  an  antiseptic  solution,  and  a 
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bandage  applied.  Jf  the  socket  is  infected  it  may  be  sprinkled  with  a 
little  iodoform  powder. 

The  socket  should  ])e  dressed  every  day  and  kept  thoroughly  clean. 
Geo.  R.  Rohrer  (Wood's  System  of  Ophthalmic  Operations,  Vol.  I,  p. 
562)  no  longer  opens  the  lids,  in  non-infected  eyes,  at  the  dressings, 
but  merely  keeps  the  skin,  laslies,  etc.,  clean. 

An  artificial  eye  may  be  fitted  in  from  two  weeks  to  one  month. 

Thert>  is  practically  no  danger  from  hemorrhage  and  it  is  not  usu- 
ally necessary  to  pack  the  cavity  with  gauze.  Still,  Robert  Sattler 
{Jour.  Am.  Med.  Assn.,  Yo\.  27,  1896,  p.  1097)  and  others  have  had 
much  trouble  in  this  respect  not  only  with  "bleeders"  but  with  non- 
bleeders,  when  almost  fatal  results  have  occurred.  If  troublesome 
hemorrhage  should  occur,  adrenalized  gauze  may  be  packed  into  the 
cavity,  or  very  hot  water  applied  with  cotton  tampons  forced  into  the 
socket.  Carotid  compression  may  be  employed  and  even  a  carotid 
ligature  may  be  necessary. 

It  should  not  be  forgotten  in  this  connection  that  cotton,  sponge, 
etc.,  are  easily  grafted  into  the  orbital  tissue,  and  that  if  such  sub- 
stances are  unfortunately  left  in  the  socket  for  even  a  day  or  two,  they 
will  very  likely  have  to  be  actually  cut  out,  a  complication  as  embar- 
rassing as  unfortunate. 

Suture  of  the  ivounel  margins  after  enucleation.  Some  surgeons 
complete  the  operation  by  bringing  the  conjunctiva  together  either 
with  individual  sutures,  or  a  purse-string  suture  of  catgut  or  silk. 
Others,  as  recommended  by  Bowman,  search  for  the  recti  muscles  and 
include  them  with  the  conjunctiva  in  the  sutures,  although  it  is  diffi- 
cult to  find  the  muscles  after  they  have  been  severed  and  allowed  to 
retract  into  the  socket.  Wiirdemann  made  a  pouch  suture  by  weav- 
ing the  needle  and  suture  along  the  edge  of  the  cut  conjunctiva  and 
Tenon's  capsule.  As  he  passes  the  recti  tendons  he  picks  each  one  up 
and  includes  it  in  the  suture.  Other  operators  recover  the  four  recti 
muscles  and  suture  them  together  with  catgut  and  then  tie  the  con- 
junctiva over  the  muscles  with  an  interrupted  or  a  purse-string  suture. 
In  the  presence  of  orbital  pus  the  conjunctiva  and  muscles  should  not 
be  stitched  together,  as  the  entire  cavity  should  be  left  freely  open  for 
drainage  and  for  the  prevention  of  deeper  infection. 

Allport's  operation.  The  enucleation  operation  which  the  writer 
(Medicine,  1901)  usually  employs  is  the  same  as  the  Ferrall-Bonnet 
operation  up  to  the  step  where  the  tendons  are  separated  from  the 
eyeball ;  at  this  juncture,  instead  of  cutting  off  the  tendons  and  allow- 
ing them  to  retract  into  the  socket,  the  superior  rectus  is  caught  on  a 
strabismus  hook  and  pulled  away  from  the  eyeball.     Another  hook  is 
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then  passed  beneath  the  muscle  and  Avhile  one  hook  pulls  the  muscle 
from  the  eyeball  the  other  is  passed  backward  and  forward  between 
the  eyeball  and  muscle  to  free  entirely  the  muscle  from  any  fibers  con- 
necting the  muscle  and  globe.  The  second  strabismus  hook  is  then 
withdrawn,  leaving  the  first  in  place.  One  blade  of  a  strong  pair  of 
Prince's  advancement  forceps  is  then  placed  between  the  tendon  and 
sclera,  taking  the  place  of  the  remaining  strabismus  liook.  which  is 


Enucleation  of  the  Eyeball. 
Wiirdemann 's  purse-string  suture,  including  conjunctiva,  capsule  and  tendons. 

now  withdrawn.  The  edge  of  the  conjunctiva  lying  over  the  muscle  is 
seized  by  a  pair  of  forceps  and  pulled  forward,  together  with  the  cap- 
sule of  Tenon,  and  the  outside  blade  of  the  Prince's  forceps  brought 
down  upon  them  and  locked.  The  bent  ends  of  the  forceps  now  con- 
tain the  tendon,  capsule  of  Tenon  and  overlying  conjunctiva.  The 
tendon  is  separated  from  the  eyeball  by  scissors  passed  between  the 
forceps  and  the  sclera,  being  careful  not  to  wound  the  latter  structure. 
A  needle  and  catgut  suture  should  now  be  passed  by  nutans  of  a 
needle-holder  througli  the  conjunctiva,  capsule  of  Tenon  and  tendon 
from  without  inwards  and  then  back  again  from  within  outwards. 
This  quilts  the  entire  mass  together  by  means  of  a  lirm,  solitl  stilcli 
that  will  not  pull  out;  after  whicii  the  two  ends  of  tlie  suture  are 
carefully  laid  aside  so  as  not  to  intei-fere  with  the  next  step  in  the 
operation.  The  extci-iuil  rectus  is  then  picked  up,  liltcratcd,  engaged 
in  the  Prince's  forceps  together  witli  tiie  conjunctiva  and  capsule  of 
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Enucleation  of  the  Eyeball  (Allport).  The  advancement  forceps  of  Prince,  hold- 
ing within  its  grasp  the  conjunctiva,  capsule  of  Tenon  and  the  tendon  on  the 
superior  rectus  muscle. 


Enucleation  of  the  Eyel>all  (Allport).  The  advancement  forceps  of  Prince  holds 
with  its  grasp  the  conjunctiva,  cai)sule  of  Tenon  and  the  tendon  of  the  superior 
rectus  muscle,  while  the  tendon  is  being  severed  from  the  globe. 
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Tenon,  cut  away  from  the  sclera,  quilt-stitched  with  the  same  needle 
and  suture,  etc.     The  same  steps  are  taken  (in  their  order)  with  the 


The  Enucleation  of  the  Eyeball  (Allport).  The  "quilting"  of  the  conjunctiva, 
capsule  of  Tenon  and  the  tendons  of  the  recti  muscles. 

The  operator,  of  course,  begins  on  any  muscle  he  chooses  and  works  around  the 
eyeball  in  either  direction.  In  the  drawing,  he  begins  with  the  sujaerior  rectus 
and  proceeds  to  the  internal  rectus.  Thence  he  passes  to  the  inferior  rectus  and 
the  external  rectus. 


Enucleation  of  the  Eyeball  (Allport).  The  muscles  have  been  severed  and  the 
eyeball  forced  from  its  socket.  The  two  ends  of  the  suture  are  laid  aside  and 
the  slot  of  the  enucleation  s])oon  has  engaged  the  optic  nerve.  The  strong  curved 
scissors  are  severing  the  optic  nerve. 

inferior  and  tlic  iiilci'njil  I'cctus,  after  which  the  needle  may  be  with- 
tlrawn  from  the  suture    Tlie  purse-string  suture  and  its  two  free  ends 
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slionld  be  laid  carefully  aside  to  faeilitate  the  subsequent  steps  of  the 
operation  uliieh  ai'(>  exactly  the  same  as  in  the  Ferrall  or  Bonnet 
operation  jnst  described.  The  operation  is  completed  by  pulling  the 
continuous  suture  eontainiufi:  the  recti  muscles,  the  capsule  of  Tenon 
and  the  conjunctiva  together  and  tying  the  mass  in  a  firm,  hard  knot. 
Great  care  should  l)e  exercised  when  the  scissors  are  introduced  to 
sever  the  optic  nerve,  that  the  suture  is  not  cut  in  the  process,  an 
accident  which  is  not  at  all  impossible.  If,  however,  this  misfortune 
should  occur  the  nuiscles  should  be  painstakingly  picked  up  and  the 
contiinious,  purse-suture  re-introduced  as  before. 

The   employment  of   this   operation   for   fifteen   years  has  proved 
its  effieiencv  and  usefulness.    It  forms  a  well-placed  orbital  wall  which 


i 

Enucleation  of  the  Eyeball   (Allport).     The  sutures  now  contain  the  conjunctiva, 
the  capsule  of  Tenon  and  the  four  recti  muscles,  and  are  about  to  be  tied. 

prevents  much  sinking  of  the  lids,  and  produces  a  freely-moving  stump 
upon  which  an  improved  Snellen  eye  may  rest  and  move  in  a  manner 
that  almost  defies  detection.  The  writer  has  had  a  wide  experience  of 
the  Mules  operation,  but  the  cosmetic  results  of  the  procedure  just 
described  are  so  good  that  he  now  confines  the  Mules  operation  to 
selected  cases,  where  the  personal  appearance  of  the  patient  is  a  mat- 
ter of  the  very  highest  importance. 

In  1879  and  1885  de  Wecker  {Therapciitique  oculaire,  1879,  p. 
512)  suggested  placing  a  purse-string  suture  through  the  conjunctiva, 
capsule  and  tendons,  after  the  circura-corneal  incision  had  been  made, 
but  before  the  tendons  were  severed.  The  globe  was  then  enucleated 
and  the  suture  firmly  tied. 

Snell  (British  Med.  Jour.,  Vol.  2,  19U2,  p.  1430)  offered  the  plan 
that  after  the  circum-corneal  incision,  one  of  the  recti  muscles  be 
caught  up  on  a  strabismus  hook  and  a  suture  be  passed  through  it 
from  side  to  side  and  tied.     The  suture  is  then  passed  through  the 
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overlying  conjunctiva.  This  end  of  the  suture  is  cut  long  and  the 
other  short.  The  tendon  is  then  severed  and  the  other  muscles  sim- 
ilarlv  treated.    After  the  eyehall  is  removed  the  lateral  and,  then,  the 


Eniic-leation  of  the  Eyeball,     de  Wecker's  purse  string  suture,  inserted  before 

the  tendons  are  cut. 


Enucleation  of  the  (ilolie.  The  circvnii-cornejil  incision  has  })eon  made,  the  external 
rectus  tendon  has  been  caught  on  the  strabismus  hook,  the  suture  has  been  passed 
through  the  tendon,  from  side  to  side,  and  tied.  One  end  of  the  suture  has  been 
cut  off  and  tlie  otlior  end  lias  been  jiassed  througli  the  ovcrfyiiig  conjunctiva. 
(Simeon  Snell.) 


vci-tii-al  tmisclcs  arc  ticcl  to^ctlici-  willi  the  hmg  ends  of  the  sutures. 
,\ii  additioiinl  sutui-c  in  the  conjunctiva,  at  each  extremity  of  tli(> 
wound,  is  usually  necessary. 
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r- 


Enucleation  of  the  Eyeball.    All  the  muscles  have  been  treated  in  the  manner 
shown  in  the  previous  figure.     (Simeon  Snell.) 


Enucleation.  The  sutures  have  all  been  tied  together  in  the  center,  and  an  addi- 
tional suture  has  been  applied  at  each  end  of  the  wound  to  prevent  gaping.  (Simeon 
Snell.) 
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Ernest  Clarke  (Lancet,  May  23,  1908),  in  1902,  sugg-ested  picking  up 
the  external  rectus  with  a  hook  and  clamping  it  with  Prince's  forceps. 
He  then  severs  the  tendon.  The  internal  rectus  is  treated  similarly. 
The  superior  and  inferior  recti  are  merely  cut  and  not  clamped.  The 
eyeball  is  then  removed.  A  catgut  suture  is  now  passed  through  the 
external  rectus  and  the  clamp  removed.  The  same  suture  is  passed 
through  the  capsule  of  Tenon  and  conjunctiva,  and  tied.    The  internal 


Enucleation.  Diagram  showing  the 
suture  passed  through  the  tendon. 
(Ernest  Clarke.) 


Enucleation  of  the  Eyeball.  Diagram 
showing  the  internal  and  external  recti 
muscles  sutured  to  the  conjunctiva,  and 
the  entire  mass  brought  together  with 
other  sutures.     (Ernest  Clarke.) 


rectus  is  treated  similarly.  The  upper  and  lower  lii)s  of  the  wound 
are  brought  together  witli  silk  sutures. 

Suker  (Annals  Ophthal.  and  Otol.,  Vol.  4,  No.  4,  1895)  suggested  the 
following  operation :  ' '  Prepare  the  field  of  operation  as  is  your  cus- 
tom ;  divide  the  conjunctiva  as  close  to  the  cornea  as  possible,  dissect  it 
as  far  back  as  permissilile;  do  the  same  with  the  capsule  of  Tenon. 
Cut  the  recti  muscles  as  close  to  their  insertion  as  possible.  Insert 
into  each  rectus  a  black  silk  suture  at  the  time  it  is  cut.  This  is  to  act 
as  a  guide.  Proceed  now  as  is  customary,  i.  e.,  severing  the  nerve 
and  oblique  muscles.  After  removing  the  eye,  take  a  thoroughly  steril- 
ized catgut  suture  and  pass  it  through  the  severed  end  of  the  rectus 
externus  and  internus,  wliicli  have  previously  been  brought  together  by 
the  silk  suture  guides. 

"Now  bring  the  supci'ior  and  inferior  recti  down  and  ])ass  a  catgut 
suture  through  them.  l-''iiudly,  suture  the  four  together  and  remove  the 
silk  guides.  Thoroughly  irrigate  your  cavity  with  sterilized  water.  At 
the  last  bring  the  conjunctiva  from  above  and  l)elow  over  the  muscle 
stump  and  suture  same  with  a  continuous  suture,  but  be  sure  you 
fasten  it  to  the  muscle  stump.  Leave  only  a  small  part  unsutured  at 
either  canthal  end  of  tlie  conjunctiva  as  a  provisional  di-ainage  opening. 

"You  will,  if  evei'ything  acts  properly,  have  union  by  tirst  intention 
and  the  result  will  be  an  excellent  prominent  stump  u[)on  whicli  an 
arlilirijil  eye  will  (it  exceedingly  well.  This  stump  permits  ol'  much 
freer  movement   oi'  the  shell   than   any  other,  and  then,  too,  it  does 
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juvay.  more  or  less,  witli  tlir  cxtrt'iHc  sunken  appearance  of  the  socket 
after  an  enucleation.  You  are  also  apt  to  preserve  a  much  better 
caruncle  than  is  obtained  V)y  the  othei'  operations." 

In  IS!);")  Wiirclenuinn  suggested  an  operation  very  similar  to  that  of 
Siiker. 

II.  Schmidt  {Klin.  Moil  f.  AugcnJicil.,  Nov.,  1896,  p.  883)  suggested 
that  each  rectus  tendon  be  secured  by  a  catgut  suture.  He  makes  an 
opening  in  the  overlying  conjunctiva  into  which  the  divided  tendon  is 
fastened.  The  conjunctiva  is  then  ])rought  together  with  a  continuous 
suture. 


Enucleation  of  the  Eyeball.  (Priestley  Smith.)    The  conjunctiva  and  internal  rectus 
muscle  are  clamped  by  forceps,  and  transfixed  by  a  needle  and  suture. 

Priestley  Smith  (OphthaJ,  Iicview,  May,  1899,  p.  121)  proposed  the 
following  operation :  ' '  The  speculum  having  been  introduced  the 
globe  is  rotated  strongly  upward  either  with  forceps,  or  more  con- 
veniently in  some  cases,  by  pressing  the  convexity  of  a  strabismus  hook 
deeply  into  the  sulcus  at  the  external  canthus.  A  narrow  horizontal 
fold  of  the  conjunctiva  over  the  internal  rectus  is  then  pinched  up  so 
as  to  include  the  subjacent  connective  tissue  and  muscle,  and  a  black 
silk  suture  is  carried  through  these  structures  by  means  of  a  curved 
needle.    The  suture  is  then  tied  firmly,  but  not  too  tightly. 

"A  second  suture  is  applied  in  like  manner  to  the  external  rectus. 
The  upper  and  lower  recti  may  be  treated  in  the  same  way,  but  this 
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is  of  less  importance.  Tiie  eiiueleatioii  is  then  carried  out,  aud  the 
conjunctival  aperture  may  or  may  not  be  closed  by  one  or  more  vertical 
sutures. ' ' 

De  Sehweinitz  {Therapeutic  Gazette,  April  15,  1900)  suggested  the 
following  procedure:  "After  insertion  of  a  speculum  which  widely 
separates  the  lids,  the  conjunctiva  is  divided  as  close  as  possible  to 
the  corneal  margin ;  each  rectus  tendon  is  next  exposed  and  caught 
upon  a  hook,  as  in  the  operation  for  strabismus,  and  is  secured  with 
a  double-armed  black  silk  suture,  wliich  is  knotted  upon  it.  The  eye- 
ball is  now  enucleated  with  the  least  possible  disturliance  of  the  rela- 
tions between  the  conjunctiva  and  the  underlying  structures,  and  a 
small  l)all  of  sterilized  gauze  is  inserted  into  the  capsule  of  Tenon, 
in  the  manner  in  which  a  ^Mules'  sphere  would  be  placed  in  the  opera- 
tion of  implantation.  Each  rectus  tendon  is  now  drawn  forward  to 
the  edge  of  the  cut  conjunctiva  and  securely  fastened  with  the  ends  of 
the  same  suture  which  had  originally  secured  the  tendon  and  which 
have  been  left  long.  That  is  to  say,  the  tendon  is  brought  forward 
precisely  as  it  would  be  in  the  operation  of  advancement.  The  wad  of 
sterilized  gauze,  which  has  served  its  purpose  of  checking  entirely  the 
hemorrhage  and  keeping  for  the  time  being  the  cavity  bulged  out  as  it 
was  wlien  occupied  ]»y  the  globe  and  therefore  has  facilitated  the 
advancement  of  the  tendons,  is  now  removed,  and  the  edges  of  the 
conjunctiva  and  capsule  of  Tenon  are  united  with  interrupted 
sutures." 

Todd  {Ophih(d.  lUcorcl,  May,  1902)  advised  that— ''After  severing 
and  dissecting  up  the  ocular  conjunctiva  in  the  customary  manner  the 
superior  rectus  is  picked  u])  on  a  hook,  a  curved  iicedh'  is  passed  from 
without  inwards  through  the  conjunctiva  and  tendon,  aud  out  again 
tlirough  the  tendon  and  conjunctiva,  thus  forming  a  looj)  wliich  in- 
cludes the  tendon  and  cotijuiicl  iva  ;  the  tendon  is  then  severed  near  its 
scleral  attachiiicnt.  The  inlcrnal  i-ectus  is  now  picked  up  wnth  a  hook 
and  the  same  thicad  carried  in  the  same  manner  tlirough  the  con- 
junctiva and  1cn(h)n,  al'tcr  which  the  tendon  is  sevt'red.  The  same 
tlircad  is  caiTicd  on  ai'oiind  in  llic  same  way  through  the  inferior 
rectus  and  extcrnid  rectus.  ;ind  their  tendons  cut.  Tlie  optic  nerve  is 
severed  and  the  gh)be  i-emoved.  '{'he  two  ends  of  the  thread  are  then 
tied,  and  the  tendon  and  conjunctiva  are  thus  broiiurht  together  with  a 
purse-string  suture." 

In  190:5  Hansel]  and  Sweet  proposed  that  after  the  circum-corneal 
incision  is  ni;ide.  the  conjunctiva,  capsule  and  each  tendon  should  be 
singly  sntMre(|.  'I'heii  the  tendons  ;ii'e  se\ered,  the  gh)bc  i'emo\'ed  and 
till'  tissues  iiuHed  togethei'  with  the  sutures. 


4414  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

The  Vienna  method  of  riiiich'ifioii.  Tlu'  iiiethod  in  vogue  in  Vienna 
and  some  other  medical  ccnlcrs  is  as  follows:  The  first  part  of  the 
operation,  including  the  circum-coriical  incision,  etc.,  is  practically  the 
same  as  already  described ;  the  only  essential  difference  consists  in  the 
severing  of  the  tendors,  since  no  tendon  hook  is  used.  It  is  usual  to 
begin  the  operation  on  the  tendon  of  the  internal  rectus.  The  con- 
junctiva covering  this  nuiscle  is  elevated  with  one  hand,  while  the 
other  holds  a  strong  pair  oF  toothed  forceps  with  w^hich  to  grasp  the 
tendon  and  draw  it  forward.     To  do  this  tlie  closed  forceps  are  care- 


J']iiucleiition.  The  Vienna  method.  The  cireuni-corneal  iucisiou  has  been  made 
and  the  muscle  has  been  grasped  by  the  forceps  close  to  the  eyeball.  The  scissors 
are  cutting  the  muscle  between  the  forceps  and  the  belly  of  the  muscle. 

fully  introduced  through  the  opening  in  and  beneath  the  conjunctiva, 
along  the  line  of  the  internal  rectus  muscle,  keeping  the  end  of  the 
forceps  in  contact  with  the  eyeball.  When  the  tendon  is  felt  the  for- 
ceps are  opened  and  the  tendon  firmly  grasped  and  pulled  forward. 
The  tendon  is  then  severed  by  scissors,  not  between  the  forceps  and 
eyeball,  as  is  done  in  a  tenotomy,  but  between  the  forceps  and  the 
internal  eanthus,  to  leave  a  piece  of  tendon  attached  to  the  eyeball 
sufficiently  long  that  it  can  be  grasped  by  forceps  and  be  used  as  a 
sort  of  handle  to  move  the  eyeball  in  such  various  directions  as  are 
necessary  to  complete  the  subsequent  steps  of  the  operation.     A  blade 


ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES  4415 

of  the  scissors  is  now  pushed  upwards  toward  the  superior  rectus 
muscle,  keeping  close  to  the  sclera,  the  eyeball  meanwhile  being  rotated 
downwards  by  the  forceps  acting  on  the  internal  rectus  tendon.  When 
the  superior  rectus  muscle  is  found  its  tendon  is  cut  close  to  the  two 
blades  of  the  scissors.  The  eyeball  is  now  pulled  towards  the  nose, 
while  the  external  rectus  is  searched  for  and  severed.  The  inferior 
rectus  is  not  cut  until  the  optic  nerve  is  severed — the  next  step  in  the 
procedure.  The  eyeball  is  pulled  toward  the  external  canthus  as  far  as 
possible  by  the  forceps  and  internal  rectus  stump,  a  pair  of  strong, 


Enucleation.    The  Vienna  method.    The  stump  of  the  internal  rectus  muscle  is  held 
by  the  forceps,  while  the  superior  rectus  is  being  cut  with  scissors. 

curved,  blunt  scissors  introduced  behind  the  eyeball  close  to  the  sclera 
until  the  nerve  is  found,  the  ])lades  are  opened  and  the  nerve  severed. 
The  eyeball  is  now  pulled  away  from  the  socket  by  the  forceps  and 
internal  rectus  tendon,  and  the  internal  rectus  and  obli(|ue  muscles 
cut  away  as  close  to  the  sclera  as  possible.  The  subse(iuent  procedures 
are  not  different  from  tliose  already  described  under  the  Ferrall- 
Bonnet  operation. 

Arlt's  method  of  muclcation  (1859),  described  l)y  II.  Knapp 
(Sijstem  of  Diseases  of  the  Eye,  Vol.  3,  p.  885)  is  a.s  follows  (he  uses 
no  strabismus  hook)  :  "lie  incises  the  conjunctiva  from  2  to  3  milli- 
meters l)ebind  the  limbus  cornea',  and  pushes  it  somewhat  back.  Stand- 
ing on  1lic  rigbt  of  his  i)ati('nt,   he,   in  the   h-ft  eye,  divides   lii-st  the 
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oxtornal,  in  tlie  right  the  internal,  rectus,  grasping  it  with  toothed  for- 
ceps, but  leaves  a  small  stump  to  get  a  firm  hold  of  the  globe  with  the 
forceps.  After  division  of  the  inferior  and  superior  recti,  he  pulls  the 
eye  with  the  forceps  horizontally  towards  the  inner  (or  outer)  canthus, 
passes  a  pair  of  scissors  over  the  posterior  segment  of  the  sclerotic,  as 
far  as  the  optic  nerve,  opens  the  branches,  advances  the  scissors,  so  that 
the  nerve  lies  lietween  tlie  branches,  and  cuts  it  close  to  the  sclerotic. 
He  now  turns  the  jii-otruding  eyeballto  the  side  of  the  uncut  rectus, 
divides  the  insertions  of  the  obliques,  and  the  vessels  and  nerves,  at 
the  posterior  half  of  the  globe,  and  lastly  detaches  the  insertion  of  the 
fourth  rectus,  together  with  the  overlying  conjunctiva,  from  the 
sclerotic." 

H.  Knapp's  {System  of  Diseases  of  the  Eye,  Vol.  3,  p.  885)  own 
method  of  operating  is  practically  the  same  as  the  Ferrall-Bonnet 
method,  only  he  does  not  make  the  circum-eorneal  incision ;  he  cuts 
the  conjunctiva  as  he  goes  around  the  globe,  at  the  same  time  he  cuts 
the  tendons,  feeling  that  thereby  he  saves  considerable  conjunctival 
tissue.  At  the  end  he  closes  the  conjunctival  wound  by  a  purse-string 
suture. 

Tillaux,  in  1872,  proposed  a  modification  of  Ferrall's  or  Bonnet's 
method.  He  severed  the  external  rectus  and  then  drew  the  eyeball 
toward  the  nose  and  cut  off  the  optic  nerve.  He  then  grasped  the 
stump  of  the  nerve  attached  to  the  eye,  with  forceps,  and  rotated  it  for- 
ward through  the  conjunctival  wound.  He  then  cut  the  other  recti 
and  the  obliciue  muscles,  and  the  capsule  of  Tenon,  and  delivered  the 
globe. 

Cunier  endorsed  the  method  of  Tillaux,  but  he  reversed  the  proce- 
dure and  commenced  with  the  internal  instead  of  the  external  rectus. 

Agnew's  method  of  enucleation,  as  described  by  Beard  {OphtJialmic 
Surgery,  1909,  p.  459),  is  essentially  as  follows: 

"After  making  the  circum-eorneal  incision,  and  undermining  the 
conjunctiva,  the  superior  rectus  is  caught  by  a  strabismus  hook  and  cut. 
Before  freeing  the  point,  however,  another  hook  is  passed  under  the 
internal  rectus  tendon,  thus  keeping  the  globe  fixed  from  time  to  time 
by  the  hooks  instead  of  forceps,  as  muscle  after  muscle  is  severed. 
Enough  of  the  external  rectus  is  left  attached  to  the  globe  to  serve  as 
a  handle,  to  be  held  by  the  forceps,  so  that  the  eye  may  be  pulled 
toward  the  nose,  in  order  to  bring  the  optic  nerve  and  oblique  muscles 
into  prominence,  to  facilitate  their  severance  by  the  scissors." 

E.  Meyer  {Revue  Generale  d'Ophtal,  May  31,  1898,  and  Bulletin  et 
Mem.  de  la  Soc.  Frang.  d'Ophtal.,  1898,  p.  185)  emphasized  the  im- 
portance  of  preserving   all    possible   ocular   and   orbital   tissue.     He 
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refrains  from  cutting  either  capsular  or  subconjunctival  tissue,  and 
when  the  tendons  are  severed  he  lifts  them  witli  a  hook  and  carefully 
shaves  them  from  their  scleral  attachment  with  a  knife.  He  closes 
the  conjunctival  and  capsular  openings  by  vertically  placed  sutures  in 
order  to  improve  the  lateral  movements  of  the  artificial  eye. 

]Monosmith  has  recently  devised  a  knife  which  he  uses,  instead  of 
scissors,  for  enucleating  eyeballs.  The  knife  resembles  a  Weber 
canaliculus  knife  bent  to  an  angle  of  45  degrees.  The  ])oint  is  thin  and 
blunt  to  facilitate  its  passage  beneath  the  muscles  and  conjunctiva. 
The  knife  is  passed  underneath  the  nniscles  which  are  severed  without 
the  use  of  either  hook  or  scissors. 


Enucleation  of  the  Globe.  Vienna  method.  The  forceps,  with  its  firm  grasp  ot 
the  internal  rectus  muscle,  is  strongly  rotating  the  eyeball  towards  the  external 
canthus,  while  the  stiong,  curved  scissors  are  severing  the  optic  nerve. 

De  Wecker,  in  VM)2,  strongly  op])Osed  enucleation  except  in  impera- 
tive cases,  and  tattoos  the  globe  to  imitate  a  natural  appearance.  To 
assist  in  restoring  the  size  of  the  globe  and  of  advancing  its  position, 
he  divides  the  recti  muscles  which  retract  and  constrict  the  eyeball. 
This  procedure  has  also  l)een  recommended  ])y  Dai'ier  and  Trousseau 
{La  Cliniquc  Ophtal.,  Vol.  XI). 

It  should  not  be  forgotten,  in  this  connection,  tluit  tattooing  is  some- 
times followed  by  sympathetic  ophthalmia,  as  was  attested  by  Rava  in 
1872,  Reuss  in  1873.  Panas  in  1878,  as  well  as  l)y  Lucas-Champion- 
niere,  Girand-Teulon  and  others. 

IJultoiis  of  granulation  tissue  occasionally  ap])cai-  in  tlie  socket,  after 
enucleation.    Tliey  can  be  easily  snipped  off. 

Lamentable,  but  foi'tunately  rare,  instances  have  occnrred  wliere  the 
\vron<f  eve  has  been  reiiidved.     This  should  not   be  forgotten,  and  great 
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care  sliouUl  always  be  exercised  that  this  dreadful  calamity  does  not 
befall  both  the  patient  and  surgeon. 

Self-enueleation  of  an  eyeball  is  one  of  those  horrible  incidents  only 
of  scientilic  interest  from  the  fact  that  it  demonstrates  the  constant 
care  that  should  be  given  to  insane  people.  Noyes  {Ophthal.  Record, 
March,  1897)  records  such  a  case  and  other  instances  have  been  noted 
by  Mackinlay,  jNlcllardy,  Dearden  and  others. 

Lundsgaard  {Klin.  Monatshl.  f.  Augenhcilk.,  p.  131,  1909)  reports 
the  ease  of  an  insane  woman,  who  within  two  minutes  tore  out  the 
eyes  of  another  insane  wonmn.  There  were  no  witnesses  to  the  occur- 
rence, but  there  can  scarcely  be  a  doubt  as  to  the  verity  of  the  incident. 

ABSCISSION  AND  EVISCERATION    (EXENTERATION)   OP  THE  EYE. 

The  history  and  evolution  of  evisceration  are  so  intimately  connected 
with  abscission  that  it  is  difficult  to  refer  to  the  one  without  including 
the  other. 

Evisceration  of  the  eye  was  performed  (rather  unintentionally) 
by  James  Beer  (Graefe-Saemisch  Handhuch  dcr  gcs.  Augenheilk.,  Vol. 
3,  p.  376)  in  1817  in  a  case  of  hemorrhagic  glaucoma  wdiere  severe 
choroidal  hemorrhage  occurred  during  an  operation  for  iridectomy ; 
by  Butter  in  1834;  by  Barton  in  1837;  by  Noyes  (1872)  in  panoph- 
thalmitis ;  and  by  Frohlich  in  1881.  It  was  deliberately  proposed  by 
Graefe  and  Mules  in  1884  to  minimize  the  danger  of  meningitis,  and 
is  now  sometimes  employed  as  a  substitute  for  enucleation.  Early  in 
the  history  of  this  operation  Mulder,  of  Groningen,  seriously  considered 
the  advisability  of  this  procedure,  as  a  routine  substitute  for  enuclea- 
tion, and  performed  many  experiments  on  cadavers  and  animals  to 
demonstrate  its  practicability. 

Wardrop  {Morbid  Anatomy  of  the  Human  Eye,  1834)  notes  that 
veterinarians  observed  that  horses  with  one  suppurating  eye  f  reciuently 
become  blind  in  the  other  eye,  unless  the  first  eye  burst  and  sank  into 
the  orbit.  They,  therefore,  conceived  it  to  be  good  practice  to  bum 
out  the  first  eye  with  lime,  or  to  thrust  a  nail  into  it  and  destroy  it. 
AVardrop  improved  upon  this  method  by  incising  the  cornea  and  forc- 
ing out  the  lens  and  vitreous  humor.  He  suggested  this  procedure  in 
human  beings  threatened  with  sympathetic  disease  of  the  other  eye. 

Mackenzie  {Treatise  on  Diseases  of  the  Eye,  1834)  mentions  a  case 
reported  by  Dr.  Butter,  of  a  gun-shot  wound  of  the  eye  where  the 
lens  and  vitreous  were  removed  to  save  the  eye,  but  where  the  globe 
was  subsequently  enucleated  and  a  duck-shot  found  near  the  optic 
nerve.  ]\Iackenzie  again,  in  1837,  mentions  the  suggestion  of  Mr. 
Barton  in  the  treatment  of  the  retention  of  percussion  caps  within  the 
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globe.  He  made  a  large  corneal  liap  with  a  Beer's  knife  and  then 
thrust  the  knife  into  the  lens  and  vitreous  to  encourage  their  discharge, 
meanwhile  hoping  the  cap  would  present  itself.  If  it  did  not  appear 
he  cut  the  cornea  away  with  scissors.  A  dose  of  laudanum  was  then 
given  and  a  linseed  poultice  applied  upon  which  usually  the  cap  was 
deposited.  Mackenzie  reconnnended  this  practice  in  diseased  eyes, 
where  vision  is  lost  and.  when  the  other  eye  appears  to  be  in  danger. 
These  views  were  also  entertained  bj^  Beer. 

Abscission  of  the  cornea  was  proposed  by  Saint  Ives,  Gruerin  and 
Heister  in  the  18th  century,  later  b,y  Critchett  (1863),  and  was  par- 
tially described  by  Wilde  in  1847.  Critchett  made  a  semicircular- 
corneal  incision  with  a  Beer's  knife  and  completed  the  amputation  with 
scissors.  The  iris  and  lens  were  removed,  but  everything  else  was 
allowed  to  remain.  Before  incising  the  cornea,  he  inserted  a  few 
sutures  back  of  the  sclero-corneal  junction  through  the  ciliary  region, 
and  these  sutures  were  tied  after  the  cornea  was  abscised,  leaving  the 
vitreous  humor  within  the  scleral  walls.  Some  cases  did  well  and  a 
fine  stump  was  produced,  Init  as  the  sutures  passed  through  the  ciliary 
region,  cases  of  sympathetic  ophthalmia  occurred  in  the  practice  of 
Carter  and  others,  which  brought  the  operation  into  disfavor. 

Critchett  {Royal  Loud.  OpJi.  Hosp.  Reports,  Vol.  4,  1863,  p.  1)  also 
operated  by  passing  three  curved  needles,  armed  with  sutures,  through 
the  sclera  above  and  below  the  cornea,  a  little  back  of  the  area  to  be 
removed.  The  needles  were  left  in  position  until  an  elliptical  segment 
of  the  eyeball  was  cut  out  with  knife  and  scissors.  The  segment  in- 
cluded the  cornea,  iris,  lens  and  some  sclera.  The  needles  hindered 
the  escape  of  vitreous.  After  the  amputation  had  occurred,  the  needles 
were  drawn  tli rough  and  the  wound  was  closed  by  tying  the  sutures. 
See  the  illusti-ation,  page  37,  Vol.  I,  of  this  Encyclopedia. 

Lagrange  (Grimsdale  and  Brewerton,  OpJitJialmic  Operations,  p. 
174)  modified  the  operation  by  making,  first,  the  regular  sclero-corneal 
incision  and  exposing  the  recti  muscles,  each  one  of  which  was  secured 
with  a  suture  1)efore  ])eing  severed.  A  purse-string  suture  was  then 
passed  around  the  conjunctival  opening.  Amputation  of  the  anterior 
portion  of  the  globe  followed,  after  which  the  superior  and  inferior 
recti  muscles  were  tied  together  and  then  the  internal  and  external 
recti  muscles.  The  purse-string  suture  was  tlien  tied  and  the  opera- 
tion completed.  See  the  figures  on  pages  38,  39,  Vol.  I,  of  this  Encyclo- 
pedia. 

Chevallereau  {Bull,  et  Mem.  de  la  Soc.  Frang.  d'Opklal.,  Vol.  22, 
1905,  p.  225)  operated  by  completely  incising  the  cornea  transversely. 
Ii-is  forceps  were  tlicii  inti'dduccd  into  the  oj^'ning  and  the  iris  com- 
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plett4y  roinoved.  The  c'ai)siile  of  the  lens  was  then  opened  by  a  cysto- 
tome,  the  lens  evacuated  and  a  pressure  bandage  applied. 

Knapp  {Archiv  f.  Ophthalmologic,  XIV,  1.  p.  275)  modified  Crit- 
ehett's  plans  by  inserting  the  sntui-es  into  the  conjunctiva  (after  ab- 
scission), fi'oni  which  delicate  ineiubrane  they  frequently  escaped 
before  the  scleral  opening  was  united.  Knapp  and  de  Wecker  often 
closed  the  opening  with  a  purse-string  suture. 

In  1872  Noyes  advocated  evisceration  in  panophthalmitis,  an  opinion 
whicli  he  reiterated  in  his  text-book  of  1881.  Noyes'  first  operation 
consistetl  merely  in  incising  the  cornea  and  thoroughly  wiping  out  the 
contents  of  the  eyeball. 

AVilliams  reported,  in  1878,  a  case  where  he  intended  to  do  an 
abscission,  but  upon  opening  the  eyeball  a  large  bony  or  calcareous 
shell  was  found,  which  he  removed,  together  with  all  the  contents  of 
the  eyeball,  before  suturing  the  scleral  opening. 

In  1878  AVilliams  read  a  paper  before  the  American  Ophthalmo- 
logical  Society  advocating  the  scooping  out  of  the  contents  of  sloughing 
globes  before  the  scleral  sutures  were  a])plied,  believing  it  to  be  the 
best  method  of  preventing  sympathetic  ophthalmia. 

H.  AV.  AVilliams  inserted  (after  abscission)  very  fine  sutures, 
threaded  upon  small  needles,  into  the  outer  layers  of  the  sclera,  with- 
out passing  through  the  ciliary  region.  This  modification  proved  quite 
successful  and  has  been  extensively  used  for  staphyloma,  etc.,  as  well 
as  in  other  cases  where  enucleation  was  not  made.  Carter  recom- 
mended passing  the  sutures  through  the  muscles  and  conjunctiva. 
Frohlich  reported  a  case  of  abscission,  with  complete  evisceration 
of  the  scleral  contents,  followed  by  suturing  of  the  scleral  opening, 
where  the  result  was  excellent.  E.  G.  Alcorn  advocated  evisceration, 
which  he  called  "corneotomy,"  and  was  evidently  under  the  impres- 
sion that  he  was  advancing  a  new  operation.  Then  followed  in  1884, 
Graefe's  {Vcrsam.  Dciitsch.  Naturforschcr  unci  Acrtzc,  Sept.,  1884) 
classical  paper  on  complete  evisceration  which  he  formally  puts  for- 
ward as  a  tried  operation  in  most  cases  superior  to  enucleation. 

J.  L.  Thompson  first  introduced  sutures  and  then,  before  remov- 
ing a  staphyloma,  divided  the  tendons  of  the  superior  and  inferior 
recti  muscles  in  order  to  relieve  the  stump  of  their  traction,  hoping 
thereby  to  allow  the  lips  of  the  scleral  opening  to  come  together  easily 
and  thus  promote  speedier  and  better  healing. 

Chibret  freely  opened  the  cornea  and  the  lenticular  capsule,  ex- 
tracted the  lens,  removed  the  iris,  and  evacuated  the  contents  of  the 
globe  by  repeatedly  irrigating  the  inside  of  the  eye  with  bi-chloride 
solution  1  :2000.     He  then  packed  the  eye  with  cotton  soaked  with  an 
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ointment  of  iodoform  and  eoeain.  The  irrigating  and  packing  were 
repeated  a  number  of  times  from  day  to  day  until  healing  occurred. 
He  claimed  good  results. 

Panas  {Arch.  cVOphtaJ.,  Sept.,  1898)  proclaimed  himself  an  earnest 
advocate  of  abscission  or  keratectomy,  saying  that  he  had  practically 
abandoned  enucleation  operations;  in  panophthalmitis,  however,  he 
eviscerated.  He  performed  keratectomy  as  follows :  ' '  The  patient 
being  anesthetized,  a  speculum  is  introduced  between  the  lids.  The 
eyeball  is  seized  with  a  fixation  forceps.  A  half-curved  Reverdin's 
needle  is  then  passed  through  the  sclero-corneal  junction  liack  of  the 
iris  and  the  crystalline  lens,  and  is  made  to  come  out  of  the  eyeball 
at  the  opposite  sclero-corneal  junction.  The  needle,  which  is  to  remain 
in  situ  until  the  last  stages  of  the  operation,  is  next  threaded.  By 
means  of  a  von  Graefe  knife,  introduced  at  the  point  of  union  of  the 
transparent  and  the  semi-opaque  portions  of  the  cornea,  the  cornea  is 
freed  throughout  for  about  four-fifths  of  its  circumference.  The 
keratectomy  is  completed  by  a  couple  of  strokes  of  the  scissors. 

."In  case  the  iris  has  not  been  detached  with  the  cornea  it  is  seized 
with  a  pair  of  forceps  and  is  removed.  The  speculum  is  next  gently 
raised  away  from  the  globe  and  the  lens  is  removed  with  a  scoop. 
The  wound  is  closed  by  withdrawing  the  Reverdin  needle  armed  with 
its  thread  and  this  suture  is  reinforced  by  one  on  each  side.  To  com- 
plete the  operation  the  projecting  angles  of  the  wound  are  trimmed 
off  with  scissors.  As  a  rule  there  should  be  no  hemorrhage.  A  one  to 
twenty  thousand  strength  solution  of  biniodide  of  mercury  is  used  to 
cleanse  the  wound.  The  stump  is  dusted  with  iodoform  and  a  dry 
dressing  with  a  layer  of  iodoform  gauze  is  placed  next  to  the  lids.  At 
the  end  of  three  days  the  dressing  is  changed,  and  four  days  later 
the  sutures  are  removed." 

Bourgeois  {Recucil  cVOphtal.,  April,  18i)f))  proi)Osed  an  incision 
with  a  Graefe  knife  two  or  three  mm.  l)ack  of  tlie  corneal  limbus, 
chiefly  to  avoid  the  ciliary  region.  He  then  closed  the  opening  with 
three  sutures. 

The  stump  in  this  operation  is  not  large,  but  it  is  healthy  and  heals 
quickly.  He  applied  the  operation  in  total  corneal  stai)hyloma,  abso- 
lute glaucoma,  severe  corneal  l)urns,  severe  traumatism  where  vision  is 
lost  and  sometimes  in  anterioi'ly  situated  malignant  tumors.  His  view 
of  the  last  indication  is  certainly  not  shared  l)y  many  surgeons. 

Fage  {Arch.  d'Oplihil..  -Inly.  lf)()6),  in  endeavoring  to  mitigate  some 
of  the  objectionable  features  of  al)scission  as  noted  by  pi-evious  sur- 
geons, pi-opos<'(l  the  following  operation:  "The  conjunctiva  is  dissc^cted 
up   all    arouud    tlie    liiiitms.      The   cornea    is   then    incised    transversely 
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with  a  Graeft'  kuilV".  A  line  catgut  tliread  anued  with  two  needles 
is  passed  through  the  cornea  from  witliin  outward,  to  avoid  pressure 
on  tlie  vitreous,  and  \ho  necessary  portion  of  the  cornea  is  excised, 
leaving  two  flaps  adherent  to  the  linibus.  The  lens  is  removed,  after 
incising  its  capsule  and,  if  necessary,  the  iris  also.  The  thread  is  then 
tied  and  reinforced  with  two  or  three  others,  and  the  conjunctiva  is 
drawn  over  the  cornea  and  sutured,  as  has  been  recommended  in  acci- 
dental wounds.  At  the  end  of  eight  days  the  latter  sutures  are  removed 
and  the  conjunctiva  retracts,  leaving  the  cornea  uncovered.  Later  the 
cornea  is  tattooed  to  imitate  a  pupil." 

Objections  to  abscission.  Poncet,  Suker,  R.  Derby,  Priestley  Smith, 
Treacher  Collins,  Knapp  and  others  have  noticed  irritable  stumps  fol- 
lowing abscission,  necessitating  removal  of  the  eyeball.  Others  have 
noted,  as  objections  to  abscission,  sympathetic  irritation  and  oph- 
thalmia, loss  of  vitreous,  scleral  contraction,  etc.,  and  it  is  quite  gen- 
erally conceded  that  if  the  operation  has  any  place  in  ophthalmic 
surgery  at  all,  its  use  should  be  limited  to  non-inflamed  staphylomatous 
eyes,  especially  in  children,  and  possibly  in  megalophthalmos.  Harlan 's 
writings,  however,  show  an  enthusiastic  allegiance  to  the  operation. 

Rogman,  in  1903,  issued  a  warning  against  enucleation  in  tuber- 
culous eyeballs,  as  he  had  observed  several  fatalities  (especially 
meningitis)  following  this  operation.  He  believes  that  evisceration  is 
to  be  preferred  and,  in  advanced  cases,  exenteration  of  the  entire  orbit. 

Final  state  of  the  eychall  after  evisceration.  In  the  modern  opera- 
tion for  evisceration  the  sclera  with  its  muscular  attachments  is  left 
intact  and  it  was  believed  by  its  advocates  that  this  would  leave  an 
especially  good,  prominent  and  movable  stump.  Such  claims  are  un- 
doubtedly primarily  true,  but  in  course  of  time  the  scleral  shell 
atrophies  to  such  an  extent,  and  the  optic  nerve  pulls  the  sclera, 
muscles,  conjunctiva,  etc.,  so  far  back  into  the  socket  that  the  ultimate 
cosmetic  effect  of  the  stump  is  no  better,  in  the  writer's  judgment,  and 
perhaps  not  as  good  as  that  of  any  good  enucleation  where  the  muscles 
and  conjunctiva  are  gathered  together. 

Estimates  of  ocular  movement,  as  between  enucleation  and  eviscera- 
tion, as  observed  by  Hotz,  True  and  de  Schweinitz,  fortify  this  asser- 
tion. Besides  this,  cases  of  sympathetic  ophthalmia  have  been  reported 
by  Drausart,  Van  Duyse,  Forget,  Nieden,  de  AVecker  and  others, 
following  this  operation  and  it  is  not  at  the  present  time  a  favorite 
surgical  procedure,  especially  since  it  was  quite  generally  condemned 
at  the  Heidelberg  Ophthalmological  Congress  of  1908. 

II.  Knapp  practised  evisceration  until  he  {Arch,  of  Ophthal.,  Vol. 
14,  Nos.  2  and  3, 1884,  p.  309)  observed  a  severe  case  of  orbital  cellulitis 
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and  thrombosis  following  the  operation,  after  which  he  practically 
abandoned  the  procedure.  Shieck,  Hotz,  Schmidt-Rimpler,  de 
Schweinitz,  Waldispiihl  and  others  have  reported  instances  of  sympa- 
thetic ophthalmia   following  evisceration  whore  investigation  showed 


Abscission.     Showing  Beer's  knife  in  jiosition. 


Abscission.     liiMiiovinj^  tliu  lower  llui)  witli  scissors. 

fi-aginents  of  uveal  tissue  (left  after  the  operation)  lining  the  sclera. 
These  shreds  contained  structures  liable  to  produce  sympathetic 
n|.litli;ihiii;i.  iiiid  hccjnisr  of  this  and  otbci-  ()l).iec1  ions  evisceration  is 
regarded  as  an  unsafe  oi)eration.     Sndi  opinions  as  llic  foregoing,  how- 
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ever,  arc  not  shareil  hy  every  one,  since  Gift'ord,  Henderson  and 
others  regard  evisceration  as  a  safer  operation  than  enucleation.  They 
feel  that  in  panophthalmitis  fewer  avenues  of  infection  are  opened  in 
evisceration  and  tliat  in  all  eases,  inasmuch  as  in  this  operation  the 
optic  and  ciliai-y  nerves  are  not  cut,  the  danger  of  sympathetic  oph- 
thalmia is  nuieh  less.  It  nuist  be  admitted  that  these  are  good  argu- 
ments and  that  the  question  is  still  unsettled. 

Evisceration  is  employed  by  some  surgeons  in  preference  to  enuclea- 
tion in  cases  of  panophthalmitis,  where  it  is  deemed  dangerous  to  cut 
the  optic  nerve  for  fear  of  o])eiiing  up  a  surgical  pathway  of  infection 
from  the  eye  to  the  brain,  witli  the  possible  production  of  a  meningitis. 

This  fear  is  not  by  any  means  groundless,  as  indubitable  records 
such  as  those  of  Hobby,  Delibes,  Graefe,  Risley,  Siffre,  Enslin  and 
Kuwahara,  Nettleship,  Coppez,  Panas  and  others  prove  that  meningitis 
sometimes  follows  enucleation,  especially  (but  not  solely)  if  this  opera- 
tion occurs  during  the  existence  of  acute  suppurative  panophthalmitis. 

Randolph  {Jour.  Am.  Med.  Assoc,  June  18,  1910)  reports  experi- 
nuMits  made  on  43  rabbits.  He  produced  a  purulent  panophthalmitis 
in  one  eye  and  then  removed  it.-  No  meningitis  was  produced  in  any 
case.  Nevertheless,  Randolph  prefers  not  to  enucleate  a  panophthal- 
mitic  eye.  He  prefers  deep  incisions  into  the  eye  on  each  side  of  the 
cornea. 

In  the  discussion  which  followed  the  reading  of  this  paper  Fox, 
Kipp,  Taylor,  Ijedbetter,  Ellett,  Ziegler  and  Jackson  advocated  enuclea- 
tions during  panophthalmitis. 

Nor  is  meningitis  the  only  serious  consequence  that  may  follow 
panophthalmitis,  for,  contrary  to  the  belief  entertained  by  some  sur- 
geons that  sympathetic  inflammation  of  the  opposite  eye  does  not  fol- 
low panophthalmitis  in  the  other,  Ahlstrom,  Schirmer  and  Wiirde- 
mann  report  cases  where  this  unfortunate  termination  has  occurred. 
These  cases  seem  to  contradict  the  theory  of  Leber  and  Deutschmann 
that  the  panophthalmitis  inflammation  stopped  up  the  lymph  passages 
and  prevented  germ  migration,  and  the  theory  of  Gifford  that  the 
infiltration  of  the  pus  corpuscles  in  the  optic  lymph  spaces  prevents 
bacterial  invasion  of  the  sound  eye. 

Cavernous  sinus  thrombosis  has  been  known  to  follow  enuclea- 
tions, etc.,  as  noted  by  Nettleship  and  others. 

EVISCERATION. 

After  the  insertion  of  the  speculum  the  conjunctiva  is  firmly 
grasped  by  the  forceps  and  a  large  Beer's  knife  is  inserted  (from  the 
temporal  side)  into  the  eyeball  just  back  of  the  (posterior  to  the  iris) 
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sclero-corneal  junction.  The  knife  is  pushed  through  the  eyeball  to 
the  other  side,  thus  transfixing  the  globe  upon  the  blade  of  the  knife. 
The  half-section  of  the  eyeball  is  completed  by  the  knife  and  the  other 
half  of  the  anterior  section  of  the  globe  is  grasped  by  forceps  and 
cut  away  with  scissors,  thus  completely  exposing  the  interior  of  the 
bulb  to  view.  The  upper  section  is  usually  made  first  by  the  knife 
and  the  lower  section  completed  with  the  scissors,  but  this  can,  of 
course,  be  reversed  if  desirable.  The  entire  contents  of  the  eyeball  are 
now  removed  by  a  sharp  and  rather  large  spoon  curette,  by  the  scoop 
recommended  by  Fox,  by  the  exenteration  spatula  of  Beard,  or  by  firm 
gauze  sponges  held  in  forceps  as  recommended  by  Voorheis.  One  must 
be  careful  to  scrape  away  everything  down  to  the  bare  sclera.  Should 
the  intra-scleral  hemorrhage  be  troublesome  it  may  be  controlled  by 
hot  bichloride  tampons,  adrenalized  tampons  or  pressure  applied  firmly 
to  the  posterior  wall  of  the  scleral  sac.  The  interior  of  the  eye  should 
now  be  cauterized  by  carbolic  acid,  which  must  be  quickly  neutralized 
by  alcohol.  This  application,  suggested  by  Prince,  not  only  mitigates 
the  pain  following  the  operation,  but  strongly  sterilizes  the  scleral  in- 
terior. It  forms,  as  Prince  says,  a  coagulum  which  closes  the  vascular 
openings  in  the  sclera  and  lessens  the  tendency  to  microbic  invasion 
backwards.  The  carbolic  acid  is  applied  by  a  large  tuft  of  cotton 
wound  on  a  cotton  holdei-,  the  alcohol  may  be  poured  in  with  an  eye- 
dropper  and  then  di'icd  out  by  cotton  or  gauze.  The  scleral  and  con- 
junctival openings  sliouhl  l)e  sewed  together  with  the  interrupted  or 
purse-string  suture,  and  the  operation  is  finished. 

Giflford  {Archives  of  Ophthal.,  1900)  pointed  out  thai  wliat  is  gener- 
ally calk'd  an  evisceration  is  really  evisceration  plus  a  kei-atectomy,  and 
proposed  as  a  routine  a  simple  evisceration,  i.  e.,  without  a  keratectomy. 
His  technique  at  present  {Ophthalmoscope,  Jan.,  1914)  is  as  follows: 
Cut  across  the  cornea  extending  one-fourth  inch  into  the  sclera  at  each 
side.  The  interior  of  the  globe  is  carefully  scraped  out  and  then 
rubbed  out  witli  a  gauze  swal).  Tlic  cornea  and  anterior  part  of  the 
sclera  i.s  i)uslied  back  against  tlic  iiiitcrioi-  wall,  witli  one  or  more 
globuhir  gauze  swabs  dipped  into  oxide  of  zine  ointment.  Finn  band- 
age. Swabs  are  removed  after  forty-eight  hours.  This  gives  an  un- 
usually large,  flat  stump  which  gives  good  support  to  the  nuirgin  of  the 
glass  eye  and  reaction  is  less  than  where  the  coi-nea  is  exci.sed.  If  it  is 
desired  to  do  a  Mules  operation,  the  conjunctiva  is  loosened  and  a 
one-iiii'li  (Mil  is  made  through  the  sclera,  one-eighth  inch  above  the 
cornea;  iiitn-joi-  scraped  and  si-rubbcd  out;  glass  or  otlier  glol)e  intro- 
dueed  :  sclci'al  i-ut  .sewed  up  iind  eonjunetiva  drawn  over  coi'iiea  with 
|»urse-sti'in<r  sutufe.      This  le;i\cs  ukmc  i'ooiii   for  llie  ;)ft  ilicial   vitfeous 


4426  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

and  gives  more  time  for  the  seleral  wound  to  heal  solidly;  hence  less 
danger  of  extrusion.  The  eonjunctiva  retracts  and  the  cornea  becomes 
insensitive. 

Voorheis  and  Ahlstriim  luive  advocated  a  similar  operation.  Ahl- 
strom  uses  no  sutures.  lie  has  sometimes  combined  this  procedure 
with  the  introduction  of  an  artificial  vitreous  with  good  results.  He 
claims  that  the  cornea  hecomes  insensitive  and  that  Mules'  globes  are 
not  so  likely  to  escape  on  account  of  the  presence  of  an  intact  or  com- 
paratively intact  cornea. 

Chevallereaii  tried  the  operation  in  1900,  but  abandoned  it  on  ac- 
count of  the  small  stumj)  ohtained.  This  experience  is  contrary  to  that 
of  Gifford. 

Beard  {Ophthalmic  Surgery,  1910,  p.  413)  proposes  to  make  the  in- 
cision in  Gififord  's  operation  vertical  instead  of  horizontal,  which  makes, 
he  thinks,  a  better  and  a  more  mobile  stump. 


Evisceration  Scoop  Uped  in  Evisceration  or  Alules '  Operation. 

Cautery  methods  in  evisceration.  Lapersonne  (Arch.  d'Ophtal., 
Vol.  1,  Jan.,  1901,  p.  4;  also.  Arch.  d'Ophtal,  June,  1900,  p.  289) 
proposed  another  method  of  operating  for  evisceration,  which  he  uses 
particularly  in  cases  of  panophthalmitis  and  where  the  sclera  threatens 
to  rupture.  The  cornea  is  incised  with  a  Graefe  knife  and  the  incision 
is  enlarged  up  and  down  with  scissors.  The  cornea  is  not  removed. 
The  lens  is  now  extracted,  after  which  a  large  cautery  knife  at  white 
heat  is  introduced  within  the  ocular  cavity  and  passed  all  around  the 
circumference. 

A  small  cautery  knife  Is  sufficient  but  the  large  one  in  use  in  gen- 
eral surgery  is  by  far  the  l)est,  and  this  knife  should  he  curved,  its  con- 
vexity corresponding  ahout  to  that  of  the  eyeball.  When  the  cautery 
is  withdrawn,  it  is  usually  covered  with,  the  contents  of  the  eyeball, 
and  purulent  debris.  It  is  then  reintroduced  at  a  wiiite  heat  and  the 
sclera  tlioroughly  cleansed.  The  operation  is  concluded  by  washing  out 
the  globe  with  sublimate,  not  so  much  for  the  purpose  of  antisepsis, 
as  for  the  special  object  of  removing  charred  tissue  left  behind.  No 
suture  is  necessary.  The  opening  is  covered  with  iodoform  and  dressed 
with  a  simple  bandage.  In  this  way  not  a  drop  of  hlood  is  lost.  All 
vascular  tissue  is  charred  and  adheres  to  the  cautery  knife.  The  imme- 
diate efifeet  of  this  procedure  is  an  absolute  cessation  of  all  pain. 
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It  is  marvelous  to  see  how  these  patients,  after  recovering  from  the 
chloroform,  express  their  gratitude  at  the  relief  from  the  terrible 
agony  which  was  suffered  before  the  operation,  a  great  contrast  to  the 
usual  method  of  operation  in  which  the  pain  remains  for  some  time 
afterward.  The  secretion  continues  for  three  or  four  days  and  it  is 
therefore  necessary  to  renew  the  bandage  about  twice  a  day.  The 
swelling  of  the  lips  of  the  wound  diminishes  rapidly  and  after  ten  or 
more  days  the  cicatrix  is  complete.  The  stump  is  regular  but  small, 
and  the  remains  of  the  cornea  can  still  be  detected,  but  there  is  no  pain 
in  the  stump  and  the  artificial  eye  can  soon  be  inserted,  the  movements 
of  which,  in  his  experience,  are  much  more  natural  than  after  the 
ordinary  operation. 


Abscission  or  Evisceration.     Showing  closure  of  wound. 

Dianoux  {Aiimil.  d'OcuIist.,  Vol.  CXXVII)  suggests  another  cau- 
tery operation  for  anterior  staphyloma  in  children.  lie  draws,  with  the 
cautery  at  dull  heat,  a  star  on  the  cornea,  the  incisions  nearly  but  not 
quite  perforating  the  cornea.  He  then  makes  (also  with  the  cautery) 
a  circular  fx'rfoj'ation  in  the  coi'iica  which  evacuates  the  a(iucous 
humor.  He  then  dresses  tiie  cornea  with  bismuth  powder  and  applies 
a  compress  bandage.  Tattooing  the  eye,  after  irritation  has  subsided, 
completes  the  procedure. 

Selimidt-Rimi)ler  (Dcutsch.  Med.  Woclunsrhr.,  Xo.  27.  1!)()0,  p.  429) 
in  drawing  sonic  deductions  from  a  large  number  of  cNcball  removals, 
etc.,  performed  at  his  clinic,  concluded  that  healing  was  (|nickest  after 
einiclealioii  and  longest  aftei-  ()])tico-ciliary  neurotomy.  Symi)atlieti(; 
inflammation  sulisided  al'ter  enucleation  in  four  of  his  cases  and  in 
live  instances  the  evi'  was  hist.  In  some  cases  sympathetic  ophthalmia 
occuri'cd    three    oi-    lour    weeks    after    i-nucleation,    I'Veii    later    after 
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nourotomy  or  iifui-i'i'toiny,  and  after  exenteration  within  the  first  week. 
He  concludes  that  enucleation  is  the  safest  operation  for  the  preven- 
>  tion  of  sympathetic  ophlliahnia.  In  a  few  cases  he  was  compelled  to 
resort  to  it  after  performing  exenteration  or  optico-ciliary  neurectomy 
on  account  of  pain.  He  thinks  that  exenteration  is  always  indicated 
in  suppurative  choroiditis  as  fatal  cases  of  meningitis  have  followed 
enucleation,  although  he  has  never  seen  one. 

It  should  not  be  forgotten  that  sloughing  of  the  sclera  has  been 
observed  after  evisceration  by  Albini  {Trans.  Oph.  Soc.  U.  K.,  1898,  p. 
258),  Treacher  Collins  and  others,  and  that  the  operation  is  rather  apt 


Incision  for  Eemoval  of  a  Staphyloma. 


to  be  followed  by  more  reaction  and  by  a  little  longer  stay  in  the  hos- 
pital than  where  an  excision  has  been  performed.  The  stump  may 
also  be  somewhat  painful  and  irritable. 

mules'  operation. 

The  operation  of  evisceration  combined  with  the  transplanting  of 
a  hollow  globe  in  the  scleral  sac,  devised  by  Mules  in  1885,  is  one  of 
the  most  interesting  procedures  in  the  whole  range  of  ophthalmic  sur- 
gery. It  is  performed  as  follows :  The  fullest  aseptic  and  antiseptic 
precautions  must  be  observed  during  all  the  steps  of  the  operation. 

The  evisceration  is  performed  exactly  as  has  just  been  described, 
with  the  exception  that  in  Mules'  operation  the  conjunctiva  should  be 
well  undermined  by  scissors  as  far  back  as  the  equator  of  the  globe, 
l)eing  careful  not  to  tear  it  or  to  interfere  with  the  muscles.  Besides 
this  the  optic  papilla  should  be  carefully  scraped  with  the  curette  to  a 
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level  with  the  surrounding  sclera  to  prevent  iri-itation  of  the  nerve 
by  the  hollow  sphere,  which  is  to  be  transplanted  and  retained  per- 
manently within  the  scleral  sac.  Two  small,  triangular  pieces  of  the 
sclera  are  now  cut  away,  that  the  upper  and  lower  sides  of  the  wound 
come  neatly  and  evenly  together  when  they  are  sutured.  Unless  this 
precaution  is  taken,  there  will  be  a  lump  at  each  end  of  the  sutured 
opening.  Bissell,  in  order  to  make  an  adequate  opening  that  could 
be  nicely  coapted,  proposed  to  pass  a  Graefe  knife  through  the  eye 
from  one  sclero-corneal  junction  to  the  other.  This  is  done  in  the 
horizontal  meridian  and  the  edge  of  the  blade  is  then  turned  directly 


Mules'   Operation.     Ifeiiioval  of  triangular  jiieees  of  sclera  to  facilitate  the 
accurate  closure  of  the  opening. 


forwards,  and  the  cornea  cut  througli  in  the  same  meridian.  This 
makes  a  complete  incision  tln-ougli  the  entire  width  of  tlie  cornea.  The 
knife  is  then  ])asse(l  up  bcncatli  the  upper  corneal  tiap,  and  the  point 
brought  out  thi'ough  the  sclci'a  al)()ut  6  or  7  mm.  al)Ove  the  cornea  and 
the  flap  divided  in  two  halves  1)\-  a  forward  cut.  The  same  is  done  to 
the  lower  flap.  The  foui-  ti-iangular  flaps  are  tlien  cut  ofT  by  scissors, 
and  when  Ihc  ])all  is  liiially  placed  within  the  scleral  pouch,  the  in- 
cision is  brought  togetlier  with  sutures  without  overlap])iiig,  gaping, 
puckering  oi-  tension.  Tliis  makes,  so  Bissell  claims  (Trans.  Am.. 
Ophthal.,  Otol.  and  Larijn.  Hoc,  1900,  p.  f)] ),  a  smooth,  vertical  closure, 
with  satisfactory  results. 

The  )-outiiie  followed  l)y  iiKist  operators  at  this  point  is  to  insert 
the  hollow  glol)e  faftei'  cessation  of  hemorrhage)  into  its  sclei-al  rest- 
ing   place. 
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L.  Webster  Vox  {Discasrs  of  the  Eye,  1010,  p.  527)  severs  the  recti 
muscles  from  and  close  to  tlic  sclera,  because  he  believes  that  owing 
to  the  irritation  induced  in  the  neighborhood  of  the  muscles  by  the 
operation,  great  nuiscular  contraction  occurs  which  sometimes  pulls 
apart  the  siitur(>d  scleral  opening  and  allows  the  expulsion  of  the  ball. 
He  thinks  that  this  is  the  reason  why  so  many  balls  have  escaped  and 
the  operation  fallen  largely  into  disuse.  He  claims  that  since  adopting 
this  method  he  has  retained  all  balls  and  that  by  being  careful  to 
include  the  capsule  of  Tenon  in  the  conjunctival  sutures  at  the  end  of 
the  operation,  the  recti  muscles  become  reattached  to  the  sclera  farther 
back  than  tlieir  original  site  of  attachment  which,  of  course,  weakens 


Mules'  Operation.     Bissell's  method  of  preparation  of  the  opening. 


their  power  but  retains  sufficient  strength  to  freely  move  the  stump 
in  all  directions  without  exerting  disastrous  traction  on  the  sutured 
scleral  opening. 

Fox  has  had  much  experience  with  Mules'  operation  and  his  opinion 
is  certainly  deserving  of  great  weight,  but  it  does  not  seem  at  all 
certain  that  the  muscular  traction  is  the  sole  cause  of  the  expulsion 
of  the  ball.  The  writer  has  made  many  of  these  operations  and  has 
had  only  one  liall  ejected.  This  experience  leads  to  the  belief  that 
if  the  scleral  opening  is  securely  closed  by  numerous,  delicate,  strong, 
silk  sutures,  placed  far  back  in  the  sclera,  so  as  to  guarantee  a  firm 
hold ;  if  strict  asepsis  is  observed ;  if  the  operation  is  not  made  in  the 
presence  of  a  thin  or  disorganized  sclera;  and  if  the  ball  is  not  too 
large,  there  is  little  likelihood  of  an  expulsion. 

Buller  and  de  Schweinitz  do  not  consider  attenuated  sclerotics,  such 
as  seen  in  buphthalmos  for  instance,  a  contra-indication  to  the 
operation. 
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An  unfortunate  blunder  is  to  select  an  overly-large  ball,  thinking 
thereby  to  secure  an  increased  cosmetic  effect.  The  sclera  contracts  a 
great  deal  after  this  operation  and  if  a  ball  is  selected  which  is  a  "  tight 
fit"  the  wound  will  be  quite  likely  to  open  and  permit  its  escape.  The 
ball  should  be  so  small  that  the  sclera  wrinkles  over  it  instead  of 
fitting  tightly. 

Risley  and  Suker  have  maintained,  on  the  other  hand,  that  the  selec- 
tion of  too  small  a  ball  invites  its  expulsion.  It  is  difficult  to  conceive 
why  this  should  be  true,  but  of  course  it  is  not  wise  to  select  an  ex- 
tremely small  ball,  as  this  would  largely  defeat  the  very  object  of  the 
operation.  The  ball  should  be  of  a  size  that  enables  the  surgeon  with- 
out the  slightest  effort  to  draw  the  sides  of  the  scleral  opening  together 
over  it.  The  sutures  should  be  easily  inserted  and  the  sclera  should 
wrinkle  just  a  little  as  it  envelops  the  ball.  If  a  small  ball  be  selected 
and  plenty  of  delicat(^  but  strong  sutures  are  used,  which  are  placed 
far  back  in  the  sclera,  it  will  be  exceedingly  unlikely  to  escape. 

It  would  also  appear  that  inasmuch  as  a  freely-moving  stump  is  one 
of  the  chief  arguments  in  favor  of  Mules'  operation,  great  pains 
should  be  taken  to  preserve  intact  the  function  of  the  recti  muscles, 
and  yet  P^x  proposes  to  tenotomize  all  these  nuiscles  and  trust  largely 
to  the  sutures  which  pass  through  the  conjunctiva  and  Tenon's  cap- 
sule to  insure  their  reattachment  and  restoration  of  their  power.  It 
can  easily  be  conceived  that  this  does  not  always  occur,  and  when  it 
does  not,  one  of  the  chief  objects  of  the  operation  is  surrendered.  It 
would  also  seem  much  easier  (if  the  muscles  are  to  be  tenotomized  at 
all)  to  sever  the  tendinous  connections  either  before  the  evisceration 
is  performed  or  after  the  glass  ball  has  ])eea  sutured  in  place,  and 
before  the  conjunctiva  is  united,  as  tenotomies  can  be  moi-e  readily 
performed  over  a  full  than  a  collapsed  eyeball. 

This  question  of  tenotomy  may,  bowever,  be  settled  by  each  surgeon 
for  himself. 

The  intra-si-ltTiil  hi'iiiori'liage  is  given  time  to  cease,  hemostasis  l)eiiig 
facilitated  t)\'  llie  application  to  tlie  interior  of  tiie  eye  of  cotton  pads 
soaked  in  iiot  bicbloride  of  mereuiT  or  adrenalin  solution,  accompanied 
with  i)i'essure.  Tile  result  is  aided  by  the  application  of  the  carbolic 
acid   and   alcohol   ai'orenientioned. 

The  next  stej)  is  the  insertion  of  the  hollow  ball,  care  being  taken 
that  it  is  tlioroughly  aseptic,  round  without  holes  and  is  not  too  large. 

Bnuidcncll  Carter  (Trans.  M<d.  Soc.  of  London,  1891-2,  Vol.  If),  p. 
47:i)  proposed  (for  the  pur[)Ose  of  arresting  hemoi-rhage)  to  fill  the 
scleral  cavity  with  an  air-filled  India-rubber  ])all,  which  is  introduced 
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collapsed,  and  afterwards  inilatetl  with  air  from  a  syringe.    It  has  not 
been  much  used. 

Before  inserting  the  sterilized  ball,  the  interior  of  the  scleral  sac 
should  be  thoroughly  irrigated  with  a  bichloride  solution;  then  the  ball 
should  be  dropped  into  its  permanent  resting  place,  either  by  the 
fingers  of  the  operator  or  by  one  of  the  instruments  devised  for  this 
purpose.  The  scleral  opening  should  be  closed  vertically  by  numerous 
strong,  black,  dialyzed  sutures,  set  well  back  into  the  sclera,  to  prevent 
their  i)ulling  through  when  the  subsequent  swelling  and  contraction 
occur.  The  sclera  is  tough  and  sometimes  difficult  to  perforate  with 
a  needle ;  this  difficulty  may  be  greatly  overcome  by  a  pair  of  eyelet- 
foreeps,  whicli  steadies  both  tissues  and  needle  and  guides  the  passage 


Mules '  Operation.     Showing  different  sizes  of  balls. 

of  the  latter  through  the  dense  sclera.  These  silk  sutures  remain  per- 
manently in  position  and  become  buried  under  the  conjunctiva;  they 
should,  consequently,  be  left  as  smooth  as  possible  and  their  ends  should 
be  cut  off  as  close  to  the  knot  as  is  consistent  with  safety.  They  must 
not  be  of  catgut,  as  it  is  quickly  absorbed ;  and  their  continual  presence 
is  necessary  to  keep  the  scleral  opening  closed  and  to  resist  the  traction 
on  the  tissues  which,  if  unresisted,  would  ultimately  result  in  the  ex- 
pulsion of  the  ball. 

The  conjunctival  opening  is  now  closed  horizontally  (at  right  angles 
to  the  scleral  opening)  as  by  sealing  it  in  this  direction  the  etScacy 
of  the  closure  is  increased.  The  sutures  should  be  removed  in  about 
one  week  or,  in  other  words,  when  the  conjunctival  tissues  are  firmly 
united.  They  should  be  set  well  back  in  the  conjunctiva  and  should 
include  the  capsule  of  Tenon.  Mittendorf  {Trans.  Internat.  Oph.  Con- 
gress, 1900.  Committee  Report)  recommends  suturing  the  conjunctiva 
and  sclera  together  at  the  same  time. 

Mules  has  recommended  placing  a  horsehair  drain  in  the  orbital 
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tissues,  at  the  end  of  the  operation,  hoping  thereby  to  lessen  the  usual 
reaction.  He  cuts  the  external  canthus  with  scissors,  burrows  freely 
into  the  orbit  with  sharp,  curved  scissors  and  in  the  opening  places 
the  horsehair.  Other  surgeons  do  not  appear  to  have  followed  Mules' 
suggestion  and  even  he  does  not  lay  much  emphasis  upon  it  in  his  later 
writings. 

The  operative  tield  is  now  thoroughly  irrigated  with  a  bichloride 
solution.  Considerable  reaction  and  swelling  usually  occurs  after  this 
operation,  tlius  subjecting  the  tissues  to  great  strain.  This  edema  en- 
courages a  loosening  of  the  sutures.  To  combat  this  tendency  Fox  uses 
what  he  calls  a  "conformer, "  made  either  of  glass  or  gold-plated  silver. 
It  is  shaped  to  the  contour  of  the  eye,  is  either  solid  or  perforated  in 
its  center,  and  acts  as  a  splint  to  support  the  sutured  scleral  and  con- 


Mules'   Operation.     Tiistniiiieiit   lor   insertion   of   the   ball. 

junctival  wovmds.  The  writer  has  used  the  conformer  in  a  number  of 
cases  and  can  endorse  Fox's  claims. 

The  operative  area  and  conformer  should  be  well  dusted  with  an 
antiseptic  powder,  or,  what  is  better,  abundantly  suieared  with  a 
bichloride  ointment ;  if  powders  are  used,  the  lid  margins  and  lids 
should  be  covered  with  the  ointment.  A  perfectly  dry,  antiseptic  dress- 
ing is  preferred  by  some  surgeons.  A  pressure  bandage  is  applied 
over  both  eyes  to  support  the  sutured  wounds  and  promote  immobility 
of  the  operated  eye.  It  should  remain  in  position  for  about  two  days 
and  may  be  slightly  loosened  if  the  pain  and  swelling  are  great.  It 
may  be  necessary  to  give  anodynes  and  the  patient  should  be  kept 
(juietly  in  bed  for  the  first  few  days. 

Fever  sometimes  occurs  and  Mules,  Frost,  and  liickerton  have  seen 
cases  of  scleral  sloughing. 

The  stay  of  the  ])atieMl  in  hospital  is  somewhat  longer  than  after 
an  enucleation. 

In  rare  cases  the  stinnp  after  a  Mules'  operation  becomes  jjainfnl 
and  in  some  instances  enucleation  to  relieve  this  pain  is  necessary. 
Folker  and   Richardson   Cross  have   reported  such   eases.     Excessive 
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voinitiug  sona'tinu's  oct-ufs  aiul  is  attributed  by  l^ickertoii  to  traction 
upon  the  optic  nerve. 

Tbe  bandaii'e  may  be  removed  in  abont  two  days  (see  below),  and  the, 
eonformer  in  three  or  four  days,  but  the  stitches  should  not  be  removed 
for  about  a  week  as  the  conjunctival  wound  is  apt  to  gape  if  the  sutures 
are  removed  too  soon.  Stitch  abscesses  are  infrequent,  but  if  they 
occur  the  stitches  should,  of  course,  be  removed. 

It  has  been  said  that  tlie  bandage  may  be  removed  in  two  days, 
but  this  is  merely  for  the  purpose  of  thoroughly  cleansing  the  parts, 
inspecting  them,  applying  fresh  powders  or  ointments  (or  both)  and 
placing  a  firm  pressure  bandage  again  over  both  eyes. 


Mules '  Operation.     Instniment  for  iusertion  of  the  ball. 


There  is  usually  some  reaction  and  swelling  following  this  opera- 
tion and  the  sutures  need  to  be  supported  until  they  are  removed, 
after  which  time  the  bandage  can  generally  be  permanently  removed. 
If  the  reaction  is  marked  ice  packs  may  be  applied  over  the  bandage  for 
several  hours  a  day,  or,  as  Fox  {Diseases  of  the  Eye,  1910)  recom- 
mends, the  following  lotion  may  be  poured  both  upon  the  ice  and  the 
bandage  over  the  eye  operated  on,  which  ought  to  be  kept  constantly 
moist  with  this  iced  antiphlogistic : 

Liq.  plumb,  subacet.  dilut.,  f,  ii ;  tr.  opii. ;  tr.  belladon.  aa,  §  ss ;  tr. 
arnica',  5  ii ;  aq.  camphor. ;  aq.  destill.  aa  q.  s.  ad.,  5  iv. 

Bickerton  {British  Med.  Jour.,  Sept.  26th,  1896)  claims  to  have 
largely  done  away  with  the  after-pains  and  swelling  by  the  abolition  of 
a  pressure  bandage  and  by  the  almost  constant  application  of  iced 
saline  packs  over  the   closed  lids. 
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Prothesis  in  Mules'  operation.  The  artitieial  eye  should  not  be 
adjusted  for  at  least  one  month  after  the  operation. 

Fox  (Diseases  of  the  Eye,  1910)  has  devised  artificial  eyes  for  use 
after  the  Mules  and  other  similar  operations  ''having  a  eup-shaped 
depression  on  their  posterior  surface"  which  comes  in  contact  with 
the  prominence  produced  ])y  the  ball  and  is  held  in  place  by  suction. 
They  are  manufactured  by  Wall  and  Ochs,  of  Philadelphia. 

So  far  as  cosmetic  results  are  concerned,  this  operation  is  unequalled, 
and  when  its  advantages  are  considered,  such  as  life-like  appearance, 
mobility  of  the  prothesis,  How   of  natural  secretions  over  the  shell 


Mules'  Operation.     Showing  the  ball  in  place  and  the  scleral  sutures  in  position. 

(directed  into  ])roi)('r  cliaiinels  instead  of  overflowing  on  the  lids), 
lack  of  enoj)litlialiiius  and  the  maintenance  of  the  physiological  orl)ital 
development,  leavt-s  little  to  be  desired. 

If  certain  objections  to  its  use  could  be  overcome^,  the  operation 
would  lie  iiiiicli  more  gniei-ally  adopted,  es})ecially  in  individuals  wliere 
personal  appearance  is  higldy  im})Ortant.  The  idea  i)revails  that  very 
few  balls  j-cmain  in  situ,  but  this  is  only  true  where  the  operation  is 
pooi'ly  ix't't'oniicd  ;  if  done  in  accoi'dance  witli  th<'  directions  set  forth 
here,  very  few  balls  will  be  expelled.  It'  balls  are  ex})elle(l,  it  occurs 
in  a  short  time  after  the  operation,  although  instances  of  exti-usion 
some  years  alter  are  on  record.  If  cxcii  a  small  opening  oecnrs  at  tlu; 
line  of  sutui-e,  exposing  the  ball,  its  total  expulsion  is  inevitable  if 
the  ball  is  of  some  hard  material  like  glass  or  gold.  11'  it  is.  for  in- 
stance, of  paral'lin.  it  can  lie  taken  care  of,  as  will  laler  he  desei'ibed, 
but,  if  it    is  of  glass,  gold,  etc,  an   iMitirely  dirfei'ent    proeednn'   must 
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be  instituted.  Jii  the  latter  ease  no  sueeess  lias  followed  refreshening 
of  the  edges  of  the  opening  and  resnturing  of  the  parts. 

Juler  reported  one  successful  ease  in  which  he  pared  the  edges  of  the 
aperture  and  grafted  on  a  piece  of  the  patient's  lip. 

Mules  reported  two  successful  cases  and  Lang  {Trans.  Ophthal.  Soc. 
U.  K.,  1898.  Committee  Report)  one  where  they  removed  the  sphere, 
refreshened  the  edges  of  the  aperture,  inserted  a  smaller  globe  and 
resutured  the  wound. 

Should  the  globe  escape,  however,  the  most  practical  procedure  is 
to  convert  the  operation  into  one  of  simple  evisceration  by  cleansing 


IMules'  Operation.     Scleral  and  conjunctival  sntiires  in  position. 

the  interior  of  the  scleral  sac,  cauterizing  it  with  carbolic  acid,  after 
the  manner  of  Prince,  freshening  the  edges  of  the  aperture  and  sutur- 
ing the  opening  with  catgut. 

To  combat  the  expulsive  tendency  of  the  ball,  Grimsdale  and  Brewer- 
ton  {Text  Booh  of  Ophthalmic  Operations,  p.  181),  in  1907,  proposed 
that  the  cornea  should  not  be  amputated,  but  that  a  long,  curved 
incision  should  be  made  in  the  sclera  just  above  the  cornea,  through 
which  the  evisceration  should  be  made.  After  this  the  ball  is  in- 
serted and  the  sclera  sutured.  They  report  good  results  and  feel  that 
the  strain  upon  the  sutures  (especially  the  central  suture)  is  much  less 
than  in  the  other  way  of  operating. 

J.  J.  Thomson  (Wood's  System  of  Ophthalmic  Operations,  A^ol.  I, 
p.  599)  describes  his  method  of  suturing  the  sclera  as  follows: — 
"Instead  of  drawing  the  smooth,  glossy  and  apparently  non-vascular 
inner  surfaces  of  the  sclera  together  by  simple  interrupted  sutures, 
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a  Lembert  stitch  is  used.  Tliree  main  sutures  are  tirst  introduced  in 
such  a  way  that  when  they  are  tied,  3  mm.  of  raw  episcleral  tissue 
on  each  side  is  folded  in  and  brought  together,  instead  of  the  inner 
and  comparatively  non-vascular  coat  of  the  sclera.  As  many  sutures  as 
are  deemed  necessary  can  then  be  put  right  through,  and  each  will  be 
a  Lembert  suture.  The  stump,  instead  of  having  a  projecting  point 
at  each  end  of  the  line  of  sutures,  in  nicely  rounded,  and  owing  to  the 
fact  that  the  muscles  are  placed  at  a  greater  mechanical  advantage, 
the  motion  seemed  to  me  to  be  better  than  in  tlie  other  forms  of 
operation." 


Mules'  Oi:)eratioii.     Closure  of  the  wound. 

The  other  erroneous  impression  wliich  prevails  is  tliat  sympathetic 
ophthalmia  is  likely  to  occur  after  a  Mules  operation.  This  notion 
is  incori'(M't,  for,  although  it  is  not  denied  that  sympathetic 
ophthalmia  may  follow  this  operation,  it  is  frequently  difficult  to  prove 
that  the  operation  caused  the  disease,  since  it  might  have  followed 
some  other  form  of  enucleation.  Fox  (Disca^'ics  of  the  Eye,  1910)  had 
done  four  hundred  and  twenty-five  Mules  operations  in  fifteen  years 
and  had  never  had  a  case  of  sympathetic  ophthalmia.  The  writer  has 
done  many  such  operations  and  can  corroborate  Fox's  remarks;  and 
the  same  may  be  said  of  many  sui-geons.  It  seems,  therefore,  to  be  a 
reasonably  safe  procedure  and  one  that  should  be  encouraged  and 
utili/.ed  in  suitable  cases.  It  should  not  be  forgotten,  however,  that 
there  is  considera})le  evidence  to  show  that  l)all  imphintations  do  some- 
times produce   sympathetic   ophthalmia. 

Gifford   (Ophthalmic  Record,  Novemljer,  1008)   found  tli;it  fourteen 
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cases  of  sympathetic  ophthalmia  have  followed  the  Mules  operation; 
nine  after  ordinary  evisceration  and  three  after  Frost's  operation. 
Gilford  acknowledges  that  in  the  nmjority  of  these  cases  the  same 
result  might  have  occurred  after  a  simple  enucleation,  but  feels  justi- 
fied in  attributing  the  disease  in  seven  cases  to  the  operation.  He 
thinks  tlie  patient  should  decide  whether  he  Welshes  to  assume  the  extra 
risk  for  the  sake  of  improved  cosmetic  appearances. 

Oliver  reported  a  case  of  sympathetic  ophthalmia  which  he  claims 
followed  a  ]\Iules  operation,  l)ut  the  evidence  appears  to  be  incon- 
clusive. 

Brobst  {Ophthalmic  Record,  1908,  p.  583)  reports  a  case  where  a 
]Mules  operation  was  performed  ten  hours  after  an  accident.     Sixty 


Mules '  Operation.     The  Fox  conformer. 

days  later  sympathetic  optic  neuritis  developed  and  the  stump  was 
removed.  Recovery  followed.  The  evidence  seems  quite  clear  in  this 
case. 

Contrary  to  the  opinion  of  some  surgeons,  Mules'  operation  is 
thoroughly  permissible  in  young  people ;  indeed  it  is  advisable,  since 
it  affords  the  best  incentive  for  development  of  the  orbit,  which  is, 
perhaps,  arrested  after  an  enucleation  or  an  ordinary  evisceration  in 
children.  Indeed,  de  Schweinitz  says  tliat  this  operation  "is  only 
contra-indicated  by  malignant  disease,  sympathetic  ophthalmitis,  ex- 
tensive laceration  of  the  sclera  and  extreme  phthisis  bulbi. " 

Bickerton  has  prepared  a  list  (modified  from  Mules)  of  the  ad- 
vantages the  Mules  operation  possesses  over  an  ordinary  enucleation : — 

ENUCLEATION  VCrSUS  MULES '    OPERATION. 

1.  Complete  removal  of  globe  and      1.  Retention  of  the  framework  of 
its  contents.  the  eye. 
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2.  No  stump,  therefore  a  sunken      2.  A   firm,   round   globe   forming 
eye.  perfect   support    for    artificial 

eye. 

3.  Disturbances   of   all    muscular      3.  Perfect   harmony  of  muscular 
relations   and   arrest   of  move-  movements  retained. 

ment. 

4.  A  fixing,  staring  eye  attracting      4.  Fitted  with  selected  eye  defies 
attention.  detection. 

5.  Patient  shuns  society.  5,  No  qualms  as  to  personal  ap- 

pearance. 

6.  Arrested  development  of  orbit      6.  No  interference  with  growth  of 
in  cases  of  children.  orbit. 

Besides  the  advantages  of  the  Mules  operation  already  mentioned, 
it  should  not  be  forgotten  that  when  an  artificial  eye  is  worn  after 
this  procedure  the  tears  flow  more  readily  into  the  natural  channels 
and  dried  secretions  are  not  so  apt  to  accunuilate  on  the  artificial  shell. 
In  all  fairness,  however,  it  must  be  stated  that  so  far  as  the  sixth 
clause  of  the  above  comparative  table  is  concerned,  this  is  a  matter 
of  opinion,  inasmuch  as  the  committee  appointed  in  1896  by  the 
Ophthalmological  Society  of  the  United  Kingdom  to  consider  such 
matters  was  unable  to  find  cases  of  arrested  orbital  development  after 
removal  of  an  eyeball,  (iordon  Byers  at  that  time  carefully  examined 
in  adult  life  ten  cases  where  the  eyeballs  had  been  removed  in  child- 
hood and  he  was  unal)le  1o  find  any  practical  dij'ference  in  the  dimen- 
sions of  the  two  orl)its. 

Frost  i-cports  a  case  whei'e  a  glass  globe  was  iiisci-lcd,  but  healing 
did  not  occur.  An  examination  disclosed  a  ])all  with  a  small  hole. 
The  ball  was  one-third  full  of  i)us.    Ayi'es  has  rei)orted  a  similar  case. 

If  a  hollow  li;ill  is  used  it  should  he  made  cither  of  glass,  as  pro- 
posed by  Mules,  or  of  gold,  as  proposed  l)y  Fox.  Ahuninum,  celluloid, 
sponge,  cotton,  asbestos,  glass,  wool,  silver,  rubber,  silk,  catgut,  peat, 
wire,  agar-agar.  l)one,  vaseline,  fat,  paraffin,  dr.  have  been  proposed, 
hut  most  of  these  iiuit(M'ia!s  have  been  coikIciiukmI  aftci'  cxpci-iciice  in 
their  use  had  demoiistralcd  tlicii"  inl'ci-iorily. 

Bryant  wai-mly  fcconiiiU'iKlcd  ahnniniitn  halls  with  fenestrated  walls 
on  account  of  Iheir  strength  and  lightness.  He  claimed  thai  new 
tissues  foi-med  inside  the  scleral  sac  and  entered  the  oiienings  in  the 


4440  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

hal].  Ilius  eventually  prodiieing  a  solid  mass  of  aluminum  and  living 
tissue  which  eifectually  prevented  an  expulsion  of  the  ball.  Cases  re- 
ported l)y  Coleman,  Fox.  Todd  and  others,  however,  clearly  demon- 
strated that  aluminum  balls,  when  sewed  into  the  scleral  sac,  are  liable 
to  disintegrate  and  break  down,  a  defect  which,  of  course,  entirely 
destroys  their  usefulness  in  this  operation.  Silver  balls,  recommended 
by  L.  Verrey,  Bickerton  and  others,  are  also  objectionable  as  they  pro- 
duce argyria  and  are  apt  to  become  disintegrated. 

ParatYin  as  an  ocular  prothesis  was  first  proposed  by  Broekaert,  in 
1901.  Since  then  articles  have  been  written  on  the  subject  by  Ramsay, 
Suker,  Oatman,  Alter,  Hertel,  Lagleyze,  C.  N.  Spratt,  Hitschman  and 
others.  Paraffin  has  certain  advantages,  viz.,  it  can  be  cut  to  any  size 
and  shape ;  the  body  warmth  molds  it  to  the  contour  of  the  retaining 
sclerotic  envelope  and  it  is  claimed  that  strands  of  ocular  tissue  readily 
penetrate  the  mass,  thus  reducing  the  chances  of  extrusion.  Hertel 
found  after  rabbit  experiments  that  hardened  paraffin  was  the  best  to 
use,  since  soft  paraffin  was  apt  to  become  at  least  partially  absorbed. 

Spratt's  {Archives  of  Oplithalm.,  1905)  directions  for  the  prepara- 
tion of  the  paraffin  and  his  method  of  operating  are  given  below.  It 
will  be  observed  that  his  operations  have  been  confined  to  the  implanta- 
tion of  the  ball  beneath  the  capsule  of  Tenon,  and  not  to  the  Mul^s 
operation  proper.  "The  spheres  are  prepared  as  follows:  Paraffin 
with  a  melting-point  of  about  60  degrees  C.  is  melted  and  filtered 
through  ordinary  filter-paper  into  clean  test-tubes.  These  are  stopped 
with  cotton  and  placed  in  a  steam  sterilizer.  When  these  have  become 
cool  and  the  paraffin  is  solid,  the  glass  is  heated  in  hot  water  or  over  a 
flame  until  the  layer  of  wax  next  to  the  glass  is  liquid.  The  central 
solid  paraffin  rod  is  readily  removed  and  placed  in  a  warm  solution 
of  bichloride.  With  a  knife,  this  long  candle-like  piece  of  wax  is 
divided  into  suitable-sized  pieces  and  while  yet  warm  is  rolled  into 
spheres.  During  this  process,  rubber  gloves  should  be  worn.  The 
spheres  are  kept  for  future  use  in  a  wide-mouthed  bottle  containing  a 
5%  solution  of  formalin.  The  most  convenient-sized  sphere  is  17  mm. 
It  is  a  good  plan  to  have  several  sizes  ranging  in  diameter  from  1.5-2 
cm.  although  the  larger  sizes  can  be  quickly  cut  down  to  a  smaller 
size." 

The  operation  is  as  follows:  "The  patient,  being  under  a  general 
anesthetic,  the  skin  about  the  eye  and  face  is  cleaned  with  soap  and 
water  followed  by  alcohol,  ether  and  bichloride  (1:5000).  A  double 
layer  of  gauze,  with  an  opening  over  the  eye  to  be  operated  on,  is 
placed  over  the  face  and  ether  cone.  This  prevents  the  sutures  and 
the  hands  of  the  operator  from  coming  in  contact  with  the  ether 
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inhaler  and  aids  materifdly  in  maintaining  a  clean  field  of  operation. 
Aseptic  preeantions  slionld  be  observed,  as  an  infection  is  certain  to 
be  followed  by  failnre.  The  conjunctiva  is  divided  close  to  the  limbus 
and  dissected  backward  beyond  the  insertion  of  the  recti  muscles. 
These  are  picked  up  on  a  strabismus  hook  and  separated  from  the  sur- 
rounding tissue.  Before  dividing  the  tendons  from  their  insertion  in 
the  sclera,  each  is  caught  by  a  silk  suture  or  held  by  a  small  clamp. 
This  prevents  retraction  of  the  muscle  and  the  possibility  of  losing  it. 
The  writer  uses  four  Halsted  hemostats  known  as  the  'mosquito'  pat- 
tern. The  use  of  these  forceps  saves  unnecessary  puncture  of  the 
tendon  with  the  needle  and  shortens  the  time  of  the  operation  mate- 
rially. After  dividing  the  tendons  close  to  their  insertions,  the  globe 
is  enucleated  in  the  usual  manner.  A  paraffin  globe  is  then  dipped  in 
bichloride  to  remove  the  formalin,  and  cut,  if  necessary,  to  the  proper 
size.  The  globe  is  seized  with  a  pair  of  ordinary  forceps  and  placed 
in  Tenon's  capsule.  An  elaborate  introducer  is  entirely  unnecessary 
as  the  sphere  can  be  placed  in  position  with  almost  any  instrument. 

"The  superior  rectus  is  sutured  to  the  inferior  by  a  mattress  or 
U-suture  and  the  two  lateral  recti  by  a  similar  suture.  A  slender 
full-curve  needle  threaded  with  No.  00  chromicized  catgut  should  be 
used.  The  large  needles  tear  the  tendon  unnecessarily  and  the  plain 
catgut  is  too  rapidly  absorbed.  To  prevent  the  muscle  loops  from 
slipping  back  over  the  globe  and  to  give  a  common  point  of  insertion, 
an  additional  suture  is  placed  so  as  to  include  each  muscle  at  the  cross- 
ing of  the  two  loops.  Tenon's  capsule  is  closed  over  the  globe  by  a 
catgut  purse-string  suture.  This  relieves  the  tension  of  the  muscle 
sutures,  covers  the  globe  with  an  extra  layer  of  tissue,  and  prevents 
the  ball  from  slipping  out  between  the  muscles.  The  conjunctiva  is 
then  closed  with  a  purse-string,  making,  in  all,  three  layers. 

"Care  must  be  taken  during  the  operation  not  to  puncture  the 
tendons  unnecessarily,  as  each  needle  puncture  causes  tlio  fibres  to 
separate  and  a  possi])le  cutting  through  of  the  sutures.  Too  large  a 
sphere  should  not  be  u.sed,  as  this  places  tension  0]i  tlie  sutures.  In 
the  adult  a  globe  17  mm.  in  diameter  will  be  found  the  most  suitable 
size.  After  the  enucleation  the  hemorrhage  may  be  rather  free,  but 
the  insertion  of  the  paraffin  cheeks  this.  No  irrigation  is  used  during 
the  operation.  A  firm  gauze  dressing  is  placed  over  the  eye.  This  is 
changed  daily  for  the  next  four  or  five  days  and  then  discontinued. 
The  pressure  bandage  has  been  found  to  lessen  the  subsequent  che- 
niosis.  The  reaction  following  tlie  oi)eratioii  is  about  the  same  as  after 
an  evisceration.  ( 'limiosis.  as  ;i  fulc.  lasts  less  than  a  werl'C,  but  may. 
in    exi'cptioiiiil    rjiscs.    (•(inliniir    longer.      One    patient    was   (lisehai'ged 
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from  the  liospital  with  no  ehemosis  on  tlie  fifth  day.  Two  eases  had 
thiekened  eonjunetiva'  thirty  and  thirty-five  days.  The  writer  has, 
however,  seen  ehemosis  and  crcliyiiiosis  eight  weeks  after  a  simple 
enucleation. 

"The  writer  believes  that  the  insertion  of  a  paraffin  sphere  in 
Tenon's  capsule  is  the  operation  of  choice  in  all  cases  requiring  the 
removal  of  an  eye,  except  wlien  a  malignant  growth  involves  the 
orbital  tissue  or  panophthalmitis  is  present.  In  the  former  cases, 
exenteration  of  tlie  orbit ;  in  the  latter  condition,  evisceration  with 
good  free  drainage  of  the  scleral  cavity,  are  the  operations  preferred. 

' '  Conclusions :  The  modified  Mules  or  Frost  operation  combines  the 
cosmetic  results  of  Mules  with  the  advantages  of  simple  enucleation. 
These  are : 

"1.  Good  cosmetic  result  is  obtained;  the  artificial  eye  has  good 
motion ;  the  eye  does  not  have  a  receding  appearance ;  and  the  glass 
is  in  contact  with  the  lids. 

"2.  Secretions  will  not  accumulate  in  the  hollow  behind  the  eye, 
as  this  is  occupied  by  the  stump. 

"3.  Globe  is  preserved  in  toto  for  microscopic  or  macroscopic 
preparations. 

"4.     No  danger  of  overlooking  malignant  intraocular  tumors. 

"5.     Best  prophylaxis  against  sympathetic  ophthalmia. 

"Paraffin  is  the  most  suitable  material  for  the  prothesis. 

"1.     It  is  non-irritating  and  least  likely  to  be  extruded. 

' '  2.     Spheres  can  be  easily  made  and  are  inexpensive, 

' '  3.     No  danger  of  being  broken.  • 

"4.  Paraffin  adapts  itself  to  the  shape  of  the  cavity,  is  soon  sur- 
rounded by  a  fibrous  capsule,  and  is  firmly  held  in  place  by  connective- 
tissue  down  growths." 

Ramsay  (loco  cit.)  prefers  to  use  melted  paraffin  instead  of  the 
gold  balls.  The  essential  steps  of  his  operation  are  as  follows :  After 
the  conjunctiva  has  been  cut  and  separated  from  the  eyeball,  each 
muscle  is  caught  up  by  a  hook,  a  catgut  thread  passed  through  it  and 
its  overlying  conjunctiva,  and  the  tendons  severed.  The  eye  is  then 
removed.  The  four  recti  muscles  which  have  been  tenotomized  are 
now  put  upon  the  stretch  and  the  cavity  left  by  the  removed  eye  is  tam- 
poned with  adrenalized  gauze  which  will  soon  control  the  hemorrhage, 
after  which  a  strong,  black-silk,  purse-string  suture  is  passed  through 
the  muscles,  conjunctiva,  etc.  The  socket  is  now  dried  and  filled  with 
melted  sterilized  paraffin,  at  a  temperature  of  104  degrees  F.  This  is 
accomplished  by  using  a  metal,  rubber-jacketed  syringe,  the  nozzle  of 
which  is  inserted  into  the  capsule  of  Tenon  and  the  liquid  paraffin 
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injected.  The  catgut  sutures  should  then  tie  the  muscles  together  in 
opposite  pairs  and  the  black-silk,  purse-string  suture  should  also  be 
tightened  and  tied,  and  the  operation  then  completed. 

Ramsay  claims  that  the  paraffin  molds  itself  to  the  socket  and  that 
the  tissues  become  attached  to  the  ball.  Some  reaction  follows  the 
operation  and  the  silk  suture  is  removed  in  about  two  weeks.  He  also 
says  that  in  thirty-four  cases  the  globe  escaped  three  times. 

Oatman  {loco  cit.),  who  uses  a  hard  paraffin  ball,  in  1903  drew 
attention  to  a  feature  of  paraiBn  glolies  which  is  certainly  worthy  of 
consideration.  He  says  that  in  using  unyielding  substances,  such  as 
glass  or  gold,  when  once  the  incision  opens  and  the  globe  can  be  seen, 
the  result  is  inevitable ;  the  globe  sooner  or  later  escapes  if  it  is  not 


Eamsay's  Paraffin  Syringe. 

instantly  removed  by  the  surgeon,  which,  after  all,  is  the  best  plan. 
With  paraffin  globes,  however,  if  the  incision  opens,  there  is  still  an 
excellent  chance  for  its  retention  because  portions  of  the  balls  can  be 
scraped  away  by  using  a  small,  sharp,  heated  spoon,  after  which  the 
wound  margins  can  be  freshened  and  resutured,  or,  even  if  the 
sutures  are  not  applied,  the  wound  frequently  closes  spontaneously, 
if  enough  paraffin  has  l)een  removed,  an  event  which  will  be  favored 
by  the  natural  softening  and  escape  of  considerable  paraffin  through 
the  fistulous  opening. 

Objections  have  been  raised  by  Davis,  Parker  and  others  that 
paraffin  splu-res  are  apt  to  produce  sympathetic  irritation,  but  such 
fears  have  not  been  sul)stantiat.ed  by  a  sufficient  num))er  of  cases  to 
warrant  this  conelusion.  In  using  melted  paraffin,  however,  the  remote 
possibility  (as  point<'(l  out  hy  Ilertel,  Kurd,  Holden  and  others)  of 
producing  cnibolisiii  slioiild  not  be  .'utirely  forgotten,  allliough  when 
the  paratlin  is  not  inti'oduccd  into  llic  open  socket  until  after  the  ends 
of  the  vessels  are  plutrged,  as  indicated  l)y  a  cessation  of  hemorrhage, 
tiiere  is  certaiidy  Imt  litlle  likeliiiood  ol'  any  i)araniii  entering  a  blood 
vessel. 

Vol.  VI— 29 
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Claiborne  ami  Belt  have  advoeated  the  insertion  of  a  well-sterilized 
piece  of  soft  sponge  beneath  the  capsnle  of  Tenon,  muscles  and  con- 
junctiva. Belt  said  that  "in  a  few  weeks  the  sponge  is  filled  with 
new  tissue,  which  in  time  becomes  tirui,  solid  flesh,  making  a  full  orbit 
and  a  fine  support  for  the  artificial  eye."  The  sponge  fibres  are 
apparently  absorbed. 

Claiborne  at  the  same  time  experimented  unsuccessfully  with  masses 
of  cotton  inserted  into  the  scleral  cavity.  Claiborne  also  reported 
some  unsatisfactory  experiments  in  placing  halls  of  sponge,  cotton, 
asbestos,  gluss  and  wool  icilhin  flic  scleral  ivalls.  He  concludes  that 
these  materials  are  unsuitable  for  the  purpose.  Bourgeois  recom- 
mended a  ball  of  silk,  which  he  used  in  the  same  way  as  Belt's  sponge. 

The  method  of  Belt  was  tried  and  recommended  by  Trousseau,  Ris- 
ley,  Suker,  Chandler  and  others,  but  the  operation  has  never  been 
much  used  and  later  was  discarded  by  Belt  himself  and  practically 
all  the  other  experimenters. 

Suker  (Internat.  Oph.  Congress,  1900;  Committee  Report)  pro- 
posed the  following  procedure  which  seems  to  be  a  combination  of 
several  operations: 

"The  eyeball  is  removed  by  the  ordinary  method,  care  being  taken 
to  save  as  much  of  the  conjunctiva  as  possible.  The  recti  muscles  are 
severed  as  close  to  the  eyeball  as  possible,  and  each  provisionally 
anchored  by  a  black  silk  suture.  The  cavity,  after  the  eyeball  has 
been  removed,  is  completely  evacuated,  and  all  hemorrhage  checked 
before  the  artificial  combination  globe  is  inserted.  Avoid  using  even 
the  weakest  solution  of  bichlorid  of  mercury  during  the  operation, 
but  instead  use  a  sterilized  normal  salt  solution.  This  for  the  reason 
that  the  former  agent  is  prone  to  attack  the  vitality  of  the  tissues  and 
cause  more  or  less  annoyance. 

"A  suitable  and  sufficiently  large  artificial  globe  (of  glass,  silver, 
aluminum,  etc.),  properly  sterilized,  is  embedded  or  wrapped  up  in 
a  layer  of  very  fine  surgeon's  sponge,  likewise  aseptic,  and  tied  oi* 
sewed  with  catgut.  This  embedded  globe  is  inserted  into  the  capsule 
cavity.  The  capsule  is  next  sutured  with  catgut  (chromicized).  The 
recti  muscles  are  now  brought  together  in  pairs,  and  the  whole  fixed 
by  an  annular  ligament.  The  black  silk  sutures  are  now  removed 
from  the  recti  muscles.  Next,  the  conjunctiva  is  brought  over  the 
muscles,  and  sutured  with  silk  or  catgut.  It  is  best  to  employ  two 
sets  of  sutures  for  the  conjunctiva:  a  so-called  edge  suture  and  an 
anchor  suture  alternating.  This  anchor  or  retention  suture  is  placed 
as  far  back  as  possible  from  the  cut  edge  of  the  conjunctiva,  in  order 
to  relieve  any  strain  upon  the  continuous  or  interrupted  edge  sutures. 
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"The  eye  is  now  dressed  with  a  dry  dressing — gauze  pad  immersed 
in  one  part  boric  acid  and  four  parts  amyloform — and  if  everything 
has  been  thoroughly  aseptic  during  the  operation,  very  little  reaction 
or  consequent  suppuration  supervenes.  Above  all  things  avoid  using 
pressure  bandages.  It  is  advisable  to  employ  an  ice  bag  for  the  tirst 
twenty-four  or  thirty-six  hours.  Great  caution  must  be  observed  in 
preparing  the  sponge  and  globe  so  as  to  have  each  thoroughly  aseptic 
— especially  is  this  true  of  the  sponge. " ' 

The  implantation  of  fat  taken  from  the  gluteal  region  and  inserted 
into  the  capsule  of  Tenon  after  an  enucleation  had  been  performed, 
was  recommended  by  Barraquer  {Archiv.  de  Oftal.  Uisp.-Amer.^  Vol. 
1,  1901,  p.  82).  The  fatty  mass  was  held  in  position  by  suturing  over 
it  the  muscles,  capsule  and  conjunctiva.  He  reported  some  excellent 
results.  D.  Yelez,  F.  Lopez  {Arch,  de  Oftal.  Hisp.-Amcr.,  July,  1903, 
p.  506)  and  U.  Troucoso  {Bericht  der  OpJitJial.  Gcsdl.  m  Wien,  ^larch 
9,  1910)  performed  similar  operations  with  success  and  have  also 
implanted  fat  within  the  scleral  sac. 

Eollet  (Ophthcdmic  Operations,  Grimsdale  and  Brewerton,  p.  186) 
inserted  into  the  capsule  of  Tenon  a  lumj)  of  fat  and  skin  taken  from 
the  deltoid  region.  The  segment  of  skin  should  be  a  little  larger  than 
the  cornea.  The  mass  of  tissue  is  placed  in  the  capsule  with  the  skin 
side  out.  The  four  recti  muscles  are  sutured  to  the  mass  and  then  the 
conjunctiva  is  stitched  to  the  skin  all  around  its  periphery.  Rollet 
claims  good  results  and  a  mobile  stump. 

Bartels  {Bericht  der  Ophthcdm.  Gesell.,  Ileidellnirg.  1908,  p.  333) 
discussed  the  method  in  a  i)aper  before  the  Ophthalmological  Congress 
at  Heidelberg.  He  made  some  experiments  on  dogs  and  operations  on 
liuman  beings.  He  suggested  also  the  use  of  fat  implantation  into  the 
sclci-al  sac,  as  well  as  into  the  walls  of  the  capsule  of  Tenon,  in  1908 
\'alcz  I'cpoi'tcd  ton  successful  cases  of  fat  implantation  and  warmly 
I'ccoiinnended  the  procedure  in  1910.  Ailing  reported  two  successful 
cases,  and  in  the  same  year  Ibershotf  also  indorsed  tlie  oi>eratioii  and 
claimed  good  i-esults.  There  was  but  little  decrease  in  the  size  of  tlu; 
stump,  after  one  year  had  elapsed. 

In  1910  Hans  Lauber  reported  to  the  Oi)hthaliii()logical  Society  of 
Vienna  37  cases  of  fat  implantation  into  the  capsule  of  Tenon.  His 
cases  were  almo.st  all  successful,  and  while  some  shrinkage  of  the 
stumps  ultimately  took  place,  he  secured  prominent,  movable  stumps 
in  most  instaiiees.  tliat  affoi'ded  excellent  and  niobile  support  Ini'  ;in 
artificial  eye.  lie  enucleates  the  eye  in  the  usual  maiuiei'.  but  secui-es 
each  muscle  with  a  <|uilted  catgut  sutui'e  befoi-e  ;dlowing  it  to  retract 
into  the  socket,     .\ftei-  the  eyeball  is  I'eiiioved  the  lump  of  fat  is  placed 
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witliiii  tlie  capsule  of  Tenon  and  the  capsule  and  muscles  drawn  over 
it  with  catgut.  The  conjunctiva  is  then  stitched  over  the  entire  mass 
with  silk  sutures  which  are  removed  in  from  eight  to  ten  days,  unless 
they  have  meantime  heen  spontaneously  expelled.  The  fat  should  be 
gently  cut  with  scissors  and  as  a  single  mass  from  its  normal  location. 
It  ought  to  be  large  enongli  to  till  the  capsule  and  yet  not  so  large  as 
to  induce  tension  upt)n  the  enveloping  walls  or  the  sutures.  Any  ex- 
truding fat  should  be  excised.  Sometimes  considerable  pain,  with 
edema  of  the  lids  and  conjunctiva,  occurs  which,  however,  soon  dis- 
appears. 

Stieren  {Jour.  Am.  Mai.  Asso.,  p.  545,  Aug.  15,  1914)  introduces 
fat  into  the  orbit  instead  of  into  the  capsule  of  Tenon.  The  piece 
should  be  the  size  of  the  eye,  and  should  be  introduced  with  the  sub- 
cutaneous side  up.     The  muscles  and  conjunctiva  are  then  sutured. 

Spratt  {OpJithal.  Record,  Vol.  22,  p.  596,  Oct.,  1913)  thinks  highly 
of  fat  implantation,  and  describes  minutely  the  different  steps  of  the 
operation  in  a  manner  most  helpful  to  those  who  have  not  performed 
the  operation. 

Landmann  (Am.  Jourii.  of  Ophthal.,  May,  1902)  recommended  wire 
balls  instead  of  hollow  spheres  in  Mules'  operation.  He  claims  as 
peculiar  advantages  that  they  are  light  and  that  they  become  solidly 
anchored  in  the  socket  by  granulation  tissue  springing  up  between  the 
wires  which  vbinds  the  ball  down  permanently  and  prevents  its  extru- 
sion. The  ball  is  made  "of  seven  vertical,  complete  circles  of  silver 
wire  and  three  horizontal  circles,  soldered  at  their  intersections." 
This  method  has  never  been  much  used,  but  if  used,  gold  wire  would 
surely  be  preferable  to  silver. 

Pick  {Journ.  Am.  Med.  Assoc.,  Jan.  8,  1898,  p.  66)  recommended 
hollow  rubber  balls  and  tried  the  experiment  upon  one  rabbit.  The 
animal  unfortunately  accidentally  died  and  no  more  efforts  were  made. 

Silver  balls  have  never  been  much  used  as  they  cause  a  dark  stain 
on  the  surrounding  tissues  and  undergo  oxidation.  Agar-agar,  tried 
by  Suker  and  Giff'ord,  was  finally  condemned  by  both  as  not  produc- 
ing a  sufficiently  prominent  stump.  H.  Schmidt  proposed  the  im- 
plantation of  balls  of  polished  bone,  and  reported  some  favorable 
results.  Balls  of  elder-pitch  have  been  employed  by  Elschnig  and 
Waldstein,  who  are  uuicli  pleased  with  the  results. 

Haseltine  {Jour.  Ophth.  Otol.  and  Larjjngol.,  XVII,  p.  271)  recom- 
mends a  large,  sterile  catgut  ball  to  fill  the  orbit ;  and  reports  good 
results  ill  two  cases. 

So  far  as  the  surface  roughening  of  the  glass  glolie  is  concerned, 
if  it  occurs,  it  is  difficult  to  conceive  how  this  can  do  any  damage 
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under  the  eireunistaiices.     Nevertheless  there  is  no  apparent  objection 
to  tlie  use  of  gold  balls  if  one  desires. 

Certainly,  of  all  balls  or  snbstanees  that  have  as  yet  been  pi'()j)osed 
for  any  form  of  implantation  operation,  those  of  glass  or  gold  are 
declared  generally  to  be  the  best. 

Suker  lays  much  emphasis  on  the  superiority  of  "lead-free  glass," 
for  he  says  that  our  bodies  "furnish  no  aeids  or  alkalies  that  affect 
lead-free  glass." 

So  far  as  the  breaking  of  glass  globes  is  concerned  the  writer  has 
yet  to  see  a  reeoi'd  of  one  ease  \vliere  this  has  occurred.  They  are  very 
strong. 

C.  n.  Sattler  {OphihaJmoJogy,  July,  1913)  has  transplanted  into 
Tenon's  capsule  of  dogs  and  three  patients,  slices  of  the  costal  car- 
tilage, from  6  to  8  cm.  long  and  from  1  to  2  cm.  wide,  which  spon- 
taneously curled,  so  that  they  could  be  easily  shaped  like  the  eyeball. 
In  one  case,  the  i^rothesis  could  be  permanently  worn  from  the  twelfth 
day,  and  the  movements  of  the  stump  were  decidedly  better  than  ordi- 
narily after  enucleation.  A  certain  shrinkage  occurred,  but  in  from 
si.x  to  nine  months  later  the  stump  had  still  the  size  of  a  hazelnut. 

Lauber  {Annals'  of  Ophthal.,  1907,  p.  208)  says  that  "if  the  reason 
is  sought  for  the  unfoi-tuiiate  results  following  the  various  implanta- 
tion operations,  it  cat)  be  fouiul  in  the  nature  of  the  implanted  body 
itself.  Such  transplanted  structures  are  expelled  either  from  chem- 
ical reaction,  with  resultant  iiitiammation,  as  mentioned  by  Zeitz  and 
Ilertel.  or  in  the  produetion  of  traction  upon  the  scleral  and  other 
surrounding  tissues.  The  smaller  the  chemical  activity  of  the  im- 
planted body,  the  better  will  it  ciidui'e  the  test."  This  is  one  of  the 
principal  reasons  why  Lauber  recommends  balls  of  fat.  It  is  the 
patient's  own  tissues  that  are  Ix'ing  ti-ansplanted,  and.  Lauber  feels 
(with  the  writer)  that  there  is  less  liability  of  chemical  antagonism 
fi'om  this  SDurce.  The  reasoning  is  ])lausible  and  the  results  ought  to 
be  good. 

The  Frost-LdiH/  (ind  Morlon-Olitu  r  opi  rations.  These  operations 
have  so  many  i)oints  in  common  that  they  will  be  considered  together. 

The  Ferrall-lionnet  opei-ation,  or  the  modification  which  the  writer 
generally  uses  (already  described)  cnn  he  supplemented  li\'  the  inser- 
tion of  a  ball  into  the  tissues.  This  procedure  pi-ovokes  nnich  less  reac- 
tion than  when  the  ball  is  insei'ted  into  the  sclei-al  sac,  as  in  the  regular 
^Mules'  operation,  and  makes  a  fine,  movable  stump.  The  method  was 
devised  by  Adams  Fi-ost,  in  188(j.  Aftei-  the  l>oiniet  opei'ation,  a  ball 
may  be  di"opj)ed  into  the  cavity  ])reviously  occupied  by  the  globe,  after 
which  a  strong,  silk  sutui-e  should  unite  the  superior  and  iid'erior  recti 
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muscles,  the  same  sliteli  iiieludiiig  tlie  overlying  conjunctiva.  Another 
suture  should  unite  the  internal  and  external  recti  muscles  and  con- 
junctiva. 

The  in<-lusion  of  the  capsule  of  Tenon  in  the  sutures  was  the  idea 
of  Lang,  who  proposed  this  procedure  shortly  after  the  Frost  opera- 
tion was  suggested.  The  su])sequent  treatment  is  the  same  as  after  a 
Mules'  operation.  Great  care  should  be  taken  to  see  that  the  ball  is 
placed  and  remains  in  the  center  of  the  socket,  as  it  is  very  easy  for 
it  to  slip  to  one  side  or  the  other. 

Morton  {X.  Y.  Med.  Jouni..  Oct.  'M),  1897)  described  an  operation 
similar  to  that  of  Lang,  the  details  of  which  are  here  quoted: 

"The  patient  being  anesthetized,  a  circular  incision  is  made  in  the 
conjunctiva  close  to  the  corneal  limbus.  The  internal  rectus  is  dis- 
sected free  from  surrounding  tissues  up  to  its  attachment  to  the  globe, 
and  held  by  a  pair  of  advancement  forceps,  after  which  it  is  cut  close 
to  the  sclera.  A  double  needle  catgut  suture  is  passed  from  within 
outward,  inclosing  the  central  bundle  of  tlie  tendon  and  tied  to  its 
external  surface.  The  ends  of  the  suture,  which  are  cut  to  a  generous 
length,  are  now  laid  aside  to  the  nasal  side  of  the  field  of  operation. 
The  external,  the  superior  and  inferior  recti  are  treated  in  a  similar 
manner.  The  oblique  muscles  are  cut,  and,  no  suture  being  used, 
escape.  The  globe  is  removed  after  section  of  the  nerve,  and  all 
capillary  hemorrhage  stopped  before  we  proceed.  The  glass  sphere 
is  now  placed  into  the  cavity  previously  occupied  by  the  eyeball,  and 
now  lined  with  the  parietal  and  a  portion  of  the  visceral  layer  of 
Tenon's  capsule. 

' '  The  sutures  holding  the  externus  and  the  internus  are  now  taken  by 
the  operator,  the  assistant  taking  at  the  same  time  the  sutures  retaining 
the  superior  and  inferior  recti.  Before  the  second  turn  is  made  in  the 
sutures  held  by  the  operator,  the  assistant  ties  the  sutures  together, 
and  these  are  inclosed  in  the  tinal  turn  of  tiie  knot  holding  the  external 
and  internal  recti.  The  sutures  are  now  inclosed  in  a  common  knot  at 
their  intersection. 

' '  I  have  attempted  to  explain  this  process  of  tying  the  sutures  in  de- 
tail, since  it  is  of  the  most  vital  importance  for  two  good  reasons,  as  I 
will  now  proceed  to  explain.  In  the  first  place,  should  the  sutures  slip 
over  the  glass  sphere  (the  horizontal  up  or  down,  the  vertical  in  or 
out),  it  would  escape  from  the  cavity  as  placed,  and  put  all  of  the 
strain  upon  the  light  silk  sutures  in  the  conjunctival  w^ound.  The 
second  is,  if  anything,  a  more  important  reason ;  for,  should  the  suture 
slip,  the  normal  position  of  the  muscles  (as  retained  by  this  method) 
upon  the  glass  ball  is  disturbed,  and  a  condition  of  unequal  tension 
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results,  which  destroys  the  proper  movement  of  the  artificial  bulh. 
This  is  a  point  in  the  operation  that  I  desire  to  lay  stress  upon — 
i.  e.,  the  careful  adaptation  of  the  sutures,  so  that  the  tendons  assume 
the  same  position  they  occupied  in  the  living  eye.  By  attention  to 
this  point,  which  is  obtained  by  the  method  of  tying  the  sutures,  the 
excursions  of  the  artificial  ball  are  as  unrestricted  as  in  the  Mules' 
operation.  The  muscles  are  retained  in  their  place  by  a  process  of 
adhesive  inflammation  to  the  over-lying  and  surrounding  conjunctiva, 
which  is  completed  before  the  sutures  are  absorbed.  It  must  be  clearly 
understood  that  the  tendons  are  not  sutured  together,  but  merely  held 
in  a  normal  position  until  retained  by  the  inflammatory  process.  The 
catgut  sutures  and  sphere  are  now  covered  by  the  conjunctiva,  which  is 
held  by  interrupted  sutures  of  Chinese  silk.  I  dust  some  finely 
powdered  iodoform  into  the  cul-de-sac  and  apply  a  bandage,  which  is 
allowed  to  remain  for  three  days.  It  is  interesting  to  note  that  the 
reaction  which  follows  in  this  operation  is  very  slight,  and  as  a  rule 
causes  the  patient  no  pain  or  elevation  of  temperature.  At  the  end  of 
three  weeks  the  patients  wear  the  artificial  eye  with  comfort." 

The  reaction  after  operations  of  this  nature  is  practically  no  greater 
than  after  an  enucleation,  and  the  stay  in  the  hospital  is  al)out  the  same. 
The  tendency  to  an  escape  or  displacement  of  the  ball  can  usually 
be  overcome  ]\v  care  in  applying  the  muscular  and  scleral  sutures. 
Nevertheless  it  must  not  be  forgotten  that  the  globe  does  sometimes 
escape  and  there  is  sometimes  considerable  reaction  and  cellulitis. 
Suker  records  a  case  of  sympathetic  irritation,  where  the  removal  of 
the  ball  relieved  this  condition.  These  operations  often  give  nearly  as 
good  cosmetic  results  as  a  Mules'  operation. 

J.  W.  Barrett  {Intercolonial  Med.  Journ.  of  Australia,  1898,  III, 
p.  210)  advised  the  following  method  of  applying  the  sutures  after 
introducing  a  glass  globe  into  Tenon 's  capsule : 

"The  operation  of  enucleation  is  proceeded  with  in  the  usual  way. 
Then  the  needle  is  passed  in  through  the  conjunctiva  al)out  ten  mm. 
from  the  cut  edge,  in  the  position  of  the  tendon  of  the  inferior  rectus. 
It  is  then  passed  from  within  outwards  in  the  position  of  the  external 
rectus,  at  the  same  distance  from  the  cut  edge,  back  from  without 
inwards  in  almost  the  same  position;  it  is  then  passed  from  within 
outwards  and  back  ag.-iin.  in  lbe  ])ositioii  of  the  superior  rectus  and  ol" 
tlie  external  rectus,  and  linally  fi-om  witliin  outwards,  in  the  position 
of  the  inferior  rectus,  so  the  two  ends  of  the  sutui'c  are  close  together. 
The  glol)e  is  inserted  and  the  suture  is  tightly  tied.  The  conjunctiva, 
capsule  of  Tenon  and  tendinous  expansion  of  the  nnisclcs  arc  there- 
fore drawn  firmly  in   fi-ont   of  Ihc  globe  ami   iihout    10  mm.  of  con- 
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junctiva.  and  capsule  are  loose  in  front  of  the  suture.     The  edges  of 
the  conjunctiva  are  now  joined  by  a  line  suture." 

After  the  modification  of  Bonnet's  operation,  employed  by  the  writer, 
a  ball  may  be  dropped  into  the  socket  and  the  purse-string  suture 
including  muscles  and  conjunctiva  closed  over  it,  but  it  is  better  in  this 
procedure  to  use  a  strong  silk  instead  of  a  catgut  suture.  The  after- 
treatment  of  a  Mules'  operation  should  be  employed. 

\Vm.  W.  Sweet  {Archives  of  Ophthal.,  Sept.,  1910,  p.  467)  reports 
the  results  of  forty-eight  cases  in  which  a  ball  was  inserted  in  Tenon 's 
capsule.  He  performed  forty-eight  operations  in  this  period  of  time 
with  the  loss  of  two  balls.  He  used  gold  balls  in  forty-two  cases,  and 
platinum  balls  in  six.  In  five  of  the  cases  there  was  evidence  of  sym- 
pathetic irritation  at  the  time  of  the  operation,  which  subsided  after 
the  surgical  procedure.  In  the  two  eases  where  the  ball  was  lost  an 
excellent  movable  stump  was  obtained.  He  thinks  the  operation  is 
entirely  safe  in  all  cases  where  malignant  growths  or  purulency  are 
not  present.  He  does  not  advocate,  however,  the  operation  in  case  of 
shrunken  eye  balls.  He  does  not  believe  there  is  any  greater  danger 
of  sympathetic  ophthalmia  than  when  an  ordinary  enucleation  is  per- 
formed. He  thinks  that  gold  balls  are  lighter  than  platinum  and  are, 
therefore,  to  be  preferred.  His  method  of  operating  is  as  follows: 
"After  the  conjunctiva  has  been  dissected  loose  at  the  limbus,  and  the 
usual  precautions  to  preserve  all  the  structures  have  been  observed,  the 
four  straight  muscles  are  picked  up  on  a  strabismus  hook  and  stitched 
to  the  conjunctiva  in  the  normal  position  or  brought  forward  to  the 
edges  of  the  cut  conjunctiva.  After  the  nerve  has  been  cut  and  the 
eyeball  removed,  hemorrhage  is  stopped  by  pressure  of  dry  sterile 
gauze  pads,  the  upper  and  lower  borders  of  Tenon 's  capsule  are  picked 
up  with  forceps  and  the  ball  placed  in  the  exposed  cavity.  A  stitch 
is  inserted  through  the  upper  and  lower  edges  of  the  centre  of  the 
capsule  and  tied;  one  end  of  the  thread  is  cut  off,  while  the  other  is 
used  to  raise  the  capsule  that  the  sutures  may  be  more  readily  in- 
serted. From  6  to  8  will  usually  be  required  to  join  the  edges  of  the 
capsule.  Should  any  portion  of  the  capsule  be  so  thin  that  the  ball 
shows  through,  a  tuck  of  the  adjoining  tissues  should  be  made  and  the 
thinned  portion  covered.  The  conjunctival  edges  are  now  brought  to- 
gether by  interrupted  sutures  placed  horizontally.  A  binocular  band- 
age is  applied,  but  no  iced  compresses  are  employed.  At  the  dressing 
the  following  day  the  monocular  bandage  is  used,  and  the  patient 
allowed  to  get  up.  Should  edema  of  the  lids  be  present,  cold  formalin 
applications  may  be  made  through  the  light  bandage." 
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Oliver  {Phil.  Med.  Journ.,  May  27,  1899,  p.  1182)  proposed  the  fol- 
lowing procedure  for  which  he  claimed  excellent  results: 

"The  conjunctiva  around  the  entire  corneal  limbus  is  freed  from  the 
globe  and  dissected  sufficiently  far  back  so  as  to  expose  the  tendons 
of  the  four  recti  muscles.  The  tendinous  extremities  of  the  muscles 
are  made  ready  for  separation  from  the  globe.  A  half-curved  needle 
with  its  point  directed  toward  the  corneal  border,  and  holding  a  long 
piece  of  catgut  thread,  is  carried  directly  through  the  belly  of  the  in- 
ternal or  the  external  rectus  muscle,  and  brought  out  of  the  tendon 
of  the  muscle  just  behind  the  remaining  attachment  to  the  globe.  The 
muscle  thus  secured  is  cut  loose  from  the  globe  just  as  in  an  ordinary 
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tenotomy.  The  catgut  thread  is  drawn  through  as  far  as  practicable, 
and  a  sufficient  length  of  the  straiul  of  gut  is  left  untouched  in  order  to 
allow  a  lot)])  l)i"oa(l  enough  foi-  free  manipulation  between  it  and  the 
eyeball.  The  needle  is  carried  over  to  the  ojjposite  side  of  the  cornea, 
and.  witli  its  i)oint  directed  away  fi-om  the  cornea,  is  made  to  transfix 
tile  tt'iidiiious  belly  oT  the  latei-jil  nniscle,  which  is  secured  and  freed 
from  its  connection  with  the  eyeball. 

"The  vertically-])laced  muscles  are  dealt  with  in  a  similar  manner. 

"The  foni'  I'ecti  nniscles  are  thus  freed  fi'oni  thcii-  tendinous  attach- 
ments to  the  globe,  and  each  pair  of  muscles  is  secured  in  a  loose  sling 
that  can  be  tied  the  moment  that  this  ])ecomes  necessary. 

"Workin'^-  in  bet  ween  llic  broud  loops  of  catgut  attached  to  the  ends 
of  the  muscles  that  are  held  apart  by  an  assistant  the  eyeball  is 
enucleated  with  as  much  of  tlie  optic  nerve  as  may  be  desired,  without 
any  difficulty. 
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' '  The  cavity  previously  occupied  by  the  globe  is  thoroughly  cleansed 
and  a  water-tight  glass  ball  of  about  three- fourths  of  the  size  of  the 
normal  globe  is  dropped  into  place. 

"The  ends  of  the  lateral  recti  muscles  which  are  held  by  the  lower 
and  the  first  placed  catgut  thread  are  neatly  trimmed  and  sutured 
together.  The  same  is  done  with  the  two  ends  of  the  vertical  recti 
muscles.  The  circular  opening  made  by  the  cut  edges  of  the  overlying 
conjunctiva  is  lengthened  into  a  lozenge  by  a  couple  of  horizontal  snips, 
and  is  carefully  lirought  into  linear  apposition  by  a  series  of  silk 
threads. 

"The  operative  field  is  covered  by  a  gauze  protective  bandage  upon 
which  iced  compresses  are  placed. 


Implantation  of  Ball   (Oliver).     Suturing  the  conjunctival  opening. 

"If  the  operation  be  done  under  strict  asepsis,  without  any  undue 
violence,  and  the  parts  be  kept  thoroughly  freed  from  blood-clots  and 
loose  or  hanging  tissue,  and  if  iced  compresses  be  employed  for  the  first 
24  to  48  hours  after  the  procedure,  there  will  be  absolutely  no  reaction, 
and  the  surfaces  will  be  ready  for  the  insertion  of  an  artificial  eye  in  a 
very  brief  time- — in  fact,  earlier  than  after  an  ordinary  enucleation, 
while  the  cosmetic  results  will  be  fully  as  good  as  those  that  are  gotten 
by  Mules'  method. 

"The  operation  is  offered  on  trial  for  cases  in  which  abscission, 
keratectomy,  or  evisceration  with  insertion  of  artificial  vitreous  are  in- 
advisable or  impossible,  such  as  in  many  cases  of  phthisis  bulbi,  ex- 
tensive ruptures  of  the  sclera,  etc.,  thus  giving  opportunity  to  obtain 
well-fitting  and  freely  mobile  artificial  eyes  in  eases  in  which  it  is 
necessary  that  a  globe  without  any  of  the  other  orbital  contents  must  be 
sacrificed." 
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Delayed  iin plantation.  The  implantation  of  a  ball  into  the  orbital 
tissues  some  time  after  a  Ferrall-Bonnet  enucleation,  as  suggested  by 
Fox  (Diseases  of  the  Eye,  1910),  is  a  desirable  surgical  procedure,  as  it 
transforms  a  deep,  sunken  cavity  into  a  prominent  stump  and  is  one 


/"  -- 

Imijlaiitation  of  Ball   (Oliver).     The  ball  and  the  aitilic-ial  shell  in  position. 


I)('hiy('(l  lin]ilantation   (Fox).     The  ojieiiing  in  the  socket. 

that  gives  a  life-like  appeai'aiice  to  an  artificial  eye.  The  operation 
is  performed  as  follows:  The  conjunctiva  of  the  socket  is  firmly 
grasped  by  forceps  and  an  incision  is  made  about  three-quarters  of  an 
inch  long  through  it  and  somewliat  into  the  underlying  tissues.  The 
incision  should  lie  either  between  the  location  of  the  superior  and 
internal  recti,  or  between  the  sui)erior  and  external  vcrW  musch'S,  and 
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should  be  at  about  an  ang:lc  of  45°.  A  thorough  separatiou  of  the 
tissues  sliouUl  l)e  made  witli  knives  and  scissors  so  that  a  space  is  pro- 
duced (in  the  center  of  the  socket)  large  enough  to  acconnnodate  a  ball, 
and  deep  enough  to  secure  its  retention.  It  will  be  observed  that  when 
the  ball  is  in  its  central  position  there  are  no  stitches  directly  over 


Delayed  Implantation  (Fox).     The  ball  in  position  and  the  opening  sutured. 


Delayed  Implantation   (Lagrange).     The  opening  in  the  socket  and  the 
tissues  being  undermined. 


it,  they  are  off  to  one  side,  which,  of  course,  greatly  adds  to  the  security 
with  which  the  ball  retains  its  position.  After  the  space  has  been  made 
for  the  ball,  it  is  inserted  into  its  place  and  the  incision  securely 
sutured  by  an  abundance  of  silk  sutures  inserted  well  back  into  the 
tissues  to  guard  against  their  untimely  liberation.  The  conformer 
is  used  and  the  after-treatment  is  the  same  as  for  a  Mules'  operation. 
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The  sutures  may  be  removed  in  six  or  seven  days.  Sometimes  Fox  dis- 
penses with  sutures.  There  is  not  much  motion  to  the  ball,  owing  to 
the  contraction  and  disuse  of  the  recti  muscles,  the  stump  is  prominent, 
well  supports  an  artificial  shell  and  undoubtedly  relieves  the  deformity. 
L.  Borsch   (Bulletins  de  la  Soc.  Frs.  d'Ophtal.,  1898)   implants  a 


Delayed    Implantation    (Lagrange).     The       Delayed  Implantation  (Lagrange).   Show- 
liollow  shell  in  position  and  the  tissues  ing   the    completed    operation   and    the 

sutured  over  it.  artificial  eye   in  position. 


Delayed     I  iniihiidiitioii     (  Lagiauge). 
The    liollnw   slitdls. 


hollow,  half-spherical  slidl  in  tlic  apex  of  tlie  socket,  after  the  super- 
ficial tissues  have  ))ci'ii  uiKlrriniiicd  by  a  si)atu]a-siiaped  knife.  A 
vertical  incision  is  made  at  llic  apex  of  tlic  socket,  and  thi'  tissues 
undermined  to  tbc  riulit  and  to  tlic  b'ft  sufficiently  to  admit  easily  tbe 
hollow  slifjl.  wliicli  is  thru  conlincd  in  its  position  by  lirndy  suturing 
tbe  vrrlicnl  incision.  In  proper  time  the  artificial  eye  is  placed  over 
the  prominent  stum]).     Boi'scli  prefers  gold  orsih'ci-  shells.     It  slionld 
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not  be  forgotten  in  tliis  eonnection  that  Biivev  shells  discolor  the  tis- 
sues, and  tliat  lead-free  ghiss  shells  do  not  beeoine  rough  or  irritating. 
Suker  [Aumils  of  Ophlluilm.,  Jan.,  1908)  advocated  a  similar  opera- 
tion, but  used  paraffin  instead  of  a  glass  or  gold  ball.  He  makes  a 
pocket  in  the  apex  of  the  socket  and  passes  a  suture  through  the  lips 
of  the  wound,  lie  then  injects  paraffin  into  the  pocket  and  ties  the 
suture. 

OI'TICO-CILIARY   NEUROTOMY  OR  NEURECTOMY. 

Optico-ciliary  neurotomy  or  neurectomy  is  seldom  a  desirable  sub- 
stitute for  eimcleation,  but  if  employed  as  such,  is  especially  applicable 
in  painful,  sightless  eyes  of  normal  appearance  and  unaffected  by 
tumors.  The  operation  is  particularly  useful  in  cases  of  absolute 
glaucoma,  for,  according  to  Nicati  {Archiv.  d'Ophtal.,  Dec,  1900), 
whose  experiments  are  mentioned  by  Fage,  section  of  the  ciliary  nerves 
moderates  or  lessens  the  secretion  of  the  aqueous  humor,  while  section 
of  the  optic  nerve  favors  filtration  l)y  widely  opening  the  sheaths  of  the 
nerve. 

When  first  systematically  proposed  and  practised  by  Schoeler 
{Archiv.  of  Ophthal,  Vol.  16,  1887,  p.  37),  it  was  thought  by  many 
surgeons  to  be  applicable  mostly  in  cases  where  foreign  bodies  were 
lodged  within  the  eyeball,  and  could  not  be  safely  removed.  It  was 
thought  that  this  operation  would  give  the  patient  a  chance  to  retain 
the  eyeball  and  that  sympathetic  ophthalmia  would  be  prevented  by 
severing  the  optic  and  ciliary  nerves.  When  the  magnet  was  intro- 
duced, however,  it  was  found  possible  to  remove  many  foreign  bodies 
and  the  opinion  of  surgeons  soon  became  crystalized  into  the  belief 
that  it  was  unsafe  to  allow  an  eyeball  to  remain  that  permanently 
harbors  a  foreign  body,  unless,  perhaps,  such  an  invader  be  lodged  in 
the  lens;  and  even  this  exception  has  by  no  means  been  received  as 
good  surgery  by  a  majority  of  ophthalmologists.  If,  however,  it  is 
deemed  expedient  to  allow  a  foreign  body  to  remain  in  the  eyeball 
without  enucleation,  or  some  substitute  therefor,  the  operation  of 
optico-ciliary  neurotomy  should  certainly  be  performed. 

Although  Schoeler  was  the  first  surgeon  to  adopt  this  procedure  and 
put  it  to  considerable  use,  it  must  not  be  supposed  that  he  was  the 
first  to  propose  the  operation,  for  as  early  as  1853,  Arlt  (Arch. 
Ophthal.,  Vol.  14,  Nos.  2  and  3,  1884,  p.  223),  who  believed  in  the 
theory  of  sympathetic  ophthalmia  by  way  of  the  ciliary  nerves,  sug- 
gested their  division,  a  view  which  was  also  shared  by  H.  Miiller. 

Yon  Graefe,  who  believed  that  the  disease  was  carried  by  the  optic 
nerve,  suggested  its  division  as  a  preventative  measure.     The  idea  of 
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severing  both  the  ciliary  nerves  and  optic  nerves,  to  cover  the  possibili- 
ties of  both  theories,  was  a  natural  evolution,  and  in  1866  Rondeau 
formally  proposed  this  procedure  after  experimenting  on  many 
cadavers.  The  operation  then  became  known  as  "  optico-ciliary  neu- 
rotomy. ' ' 

Rondeau  operated  witliout  cutting  any  muscles  by  incising  the  upper 
and  inner  portion  of  the  conjunctiva.  He  then  cut  the  nerves  by  pass- 
ing behind  the  eyeball  with  a  narrow,  curved  tenotome. 

The  operation  fell  more  or  less  into  disuse,  but  was  finally  revived 
by  Boucheron  in  1876,  who  operated  without  myotomy  or  tenotomy, 
but  opened  the  conjunctiva  between  the  superior  and  external  recti 
muscles  and  pulled  the  posterior  portion  of  the  eyeball  forward  with 
sharp  forceps,  to  facilitate  the  cutting  of  the  optic  and  ciliary  nerves. 
Later,  he  advocated  severing  the  internal  rectus  muscle  and  holding  it 
aside  by  a  suture  to  provide  ample  field  for  the  operation  and  observa- 
tion. After  the  optic  and  ciliary  nerves  were  severed  and  the  hemor- 
rhage had  ceased,  a  firm  compress  bandage  was  applied. 

Schoeler,  in  1878,  began  to  do  the  operation  frequently.  He  opened 
the  conjunctival  sac  more  extensively,  tied  and  cut  off  the  external 
rectus  muscle  and  thus  gained  a  larger  operative  field.  The  muscle 
was  subsequently  reattached  to  the  eyeball  by  sutures. 

Scliweigger  performed  many  such  operations,  but  altered  the  technic 
by  operating  from  the  nasal  side,  as  recommended  by  Meyer  and 
others,  and  by  exsecting  a  piece  of  the  optic  nerve  at  least  10  mm.  long. 
He  claimed  that  the  nerve  was  more  easily  reached  from  the  nasal 
side,  that  the  o1)li(|ue  musch's  were  in  the  way  and  must  be  severed 
when  operating  from  the  temporal  side.  By  exsecting  a  portion  of  the 
nerve  tlie  two  ends  would  not  unite  and  that  infection  could  not,  con- 
sequently, pass  through  it  into  the  fellow  eye. 

Schweigger  laid  great  stress  on  removing  a  large  section  of  the 
optic  nerve  as  he  believed  that  sympathetic  ophthalmia  is  the  result  of 
infection  tVtuii  llic  opposite  eye  and  that  the  ciliary  nerves  have  little 
01-  nothing  to  do  witli  it.  Meyer  went  a  step  farther  and  advised  the 
division  not  only  of  the  internal  and  external  recti  muscles,  but  the 
olili(|ur  ;is  wrll.  so  that  the  cycliall  might  be  rotated  with  perfect  ease 
and  the  nerve  fully  exposed  to  view.  Scliweigger  also  recommended 
that  the  posterior  pole  of  the  eye  be  pulled  forward  not  by  forceps 
but  by  a  hook  caught  in  the  sclera.  His  hook  had  only  a  single  arm. 
Schwcigger  severed  tlic  internal  rectus  muscle,  but  before  doing  so 
he  sutured  the  tendon  and  conjunctiva  with  two  catgut  strands,  one 
nt-ai-  1li<-  insertion  of  the  muscle  and  the  other  a  little  farther  liack. 
He  tbf'ii  scvci-cd  fbc  muscle,  conjunctiva,  etc..  between  the  two  sutures. 
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An  assistant  utilized  these  sutures  (which  were  left  long)  to  pull  aside 
the  conjunctiva  and  freely  expose  the  eyehall.  He  then  generally  cut 
through  the  insertion  of  the  oblique  muscles.  After  severing  the  nerve, 
etc.,  the  wound  was  closed  by  tying  the  two  sutures.  He  sutured  the 
upper  and  lower  lids  together  and  applied  a  compress  bandage,  to 
prevent  protrusion  of  the  eyeball.  He  called  attention  to  the  fact  that 
severe  ecchymosis  often  occurs  and  this  frequently  extends  to  the  other 
eye.  He  thought  that  the  hemorrhage  was  no  worse  than  after  an 
enucleation,  but  that  the  drainage  was  not  so  good  and  the  blood  not 
having  as  good  egress,  made  more  disturbance,  especially  as  the  eye- 
ball was  still  in  place.  Sehweigger's  further  observation  did  not  lead 
him  to  believe  that  the  operation  produced  any  atrophy  of  the  globe, 
as  claimed  by  some. 

Knapp  did  the  operation  by  way  of  the  space  between  the  superior 
and  internal  recti  muscles,  after  the  manner  of  Rondeau,  Boucheron, 
Dianoux,  and  others,  and  without  cutting  a  muscle.  He  employed  a 
double-armed  hook  to  draw  the  posterior  pole  of  the  eye  into  the 
conjunctival  opening  so  that  the  optic  and  ciliary  nerves  might  be 
inspected  in  order  to  be  sure  that  they  were  all  cut.  He  took  great 
pains  to  operate  as  close  to  the  sclera  as  possible,  as  in  this  area  muscles 
and  vascular  tissue  are  largely  avoided  and  the  hemorrhage  is  much 
less.  Chisholm,  in  later  years,  operated  similarly  in  a  large  number 
of  cases  with  success. 

Knapp  at  this  time  was  impressed  with  the  idea,  more  or  less  shared 
by  many  observers  including  Boucheron,  Mauthner-Jaeger,  Sclioler, 
Dor,  and  others,  that  sympathetic  ophthalmia  passes  from  one  eye  to 
the  other  by  way  of  the  ciliary  nerves.  The  optic  nerve  was,  it  is  true, 
severed  "so  as  to  make  sure"  as  it  were,  but  the  ciliary  nerves  were 
regarded  as  the  real  ofiPenders.  Great  pains  were  taken  to  sever  all  the 
ciliary  nerves.  This  is  an  undertaking  not  as  simple  as  it  seems,  when 
it  is  remembered,  according  to  Dor  and  Cruveilhier,  that  a  few  ciliary 
nerves  penetrate  the  anterior  portion  of  the  sclera,  beneath  the  recti 
muscles,  one  of  which,  at  least,  remains  after  the  ordinary  optico- 
ciliary neurotomy. 

Another  point  which  consumed  considerable  attention  at  that  time 
was  the  possibility  of  some,  at  least,  of  the  nerves  uniting  after  they 
were  cut,  a  condition  evidenced  by  a  restoration  of  corneal  sensibility 
which,  of  course,  is  lost  when  all  nervous  connection  is  severed.  Bietti, 
Mauthner-Jaeger,  Boucheron,  and  others,  have  seen  cases  where  such 
reunions  have  occurred  in  enucleated  eyeballs.  Later  opinions,  liow- 
ever,  leaned  heavily  in  the  direction  of  the  optic  nerve  as  being  the  real 
pathway  of  pathological  connection  between  the  two  eyes.     Acting 
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upon  this  theory,  therefore,  it  became  necessary  to  sever  the  optic  nerve 
and  even,  as  suggested  by  Schweigger,  to  remove  a  large  portion  of  its 
intra-orbital  structure  to  prevent  reunion. 

Pagenstecher  began  practising  neurotomy,  but  did  not  long  remain 
enthusiastic  on  the  subject.  De  Wecker  used  it  to  a  considerable  extent 
and  employed  a  right-angled  strabismus  hook  with  which  to  pull  the 
optic  nerve  forward.  He  also  used  compress  scissors  with  which  to 
sever  the  nerve  and  compress  it,  so  as  to  prevent  hemorrhage  from  the 
central  artery. 

Optico-ciliary  neiwotoniy.  General  anesthesia  should  be  adopted. 
The  conjunctiva  over  either  the  internal  or  external  rectus  muscle 
(preferably  the  internus)  is  picked  up  by  forceps  just  as  in  a  tenotomy 
for  strabismus,  and  a  large,  vertical  opening  made  through  the  con- 
junctiva. The  muscle  is  drawn  out  with  a  strabismus  hook,  and  a 
suture  passed  under  it  and  tied  around  it  about  %  cm.  from  its  inser- 
tion. The  muscle  is  now  cut  between  its  insertion  and  the  knot,  close 
enough  to  the  knot  to  leave  a  large  section  of  the  tendon  hanging 
from  the  ej'eball,  to  serve  as  a  handle  to  be  caught  by  the  forceps  for 
the  purpose  of  pulling  the  eyeball  into  positions  convenient  for  the 
surgeon.  The  long  suture  is  now  given  to  an  assistant  who  draws  the 
muscle,  etc.,  away  from  the  eyeball,  while  the  operator  gi^asps  the 
tendon  with  the  forceps  and  rotates  the  eye  in  the  opposite  direction 
as  far  as  possible  to  bring  the  optic  nerve  as  prominently  to  the  surface 
as  possible.  A  curved  double  hook  piercing  into  the  sclera  may,  of 
course,  be  used  instead  of  the  forceps,  or  in  conjunction  with  it,  for 
this  purpose. 

The  curved  scissors  are  now  passed  back  of  the  globe,  searching  for 
the  optic  nerve  which,  when  found,  should  be  carefully  severed  from 
the  eyeball.  The  neurotomy  can,  of  course,  be  converted  into  a  neu- 
rectomy by  exsecting  a  long  piece  of  the  optic  nerve,  a  procedure  which 
is  adopted  by  most  operators.  The  speculum,  scissors  and  forceps 
should  now  be  withdrawn,  the  lids  closed  and  gentle  but  tiriii  pi'cssure 
exerted  upon  the  eyeball,  to  prevent  hemorrhage.  If  the  bleeding  be 
violent  and  persistent  and  causes  an  irreducible  protrusion  of  the  eye- 
ball, it  should  1)('  enucleated,  but  as  a  rule  the  hemorrhage  will  be 
controlled  in  a  few  moments  and  further  progress  can  be  made. 

Tlic  spcculmii  siiould  Ix'  i-c|)lac('(l.  the  assistant  should  again  pull 
llic  iiiiiscli-  awjiy  fioiii  tlir  (•.\fh;ili  li\-  means  of  the  suture,  the  tendon 
should  ))('  gi'as|)C(|  by  tin-  foi'ccps  and  tlic  cychall  i-otatcd  as  fai-  as 
j)0ssibl('  in  tlic  dpposilf  diiTction  and  the  ciliary  nci'\i'S,  as  llicy  pass 
into  the  sidcra  in  tlic  iicii^liliorlKXHl  of  the  optic  nerve,  slioiild  all  he 
carefully  cut  to  prevent   the  transiiiission  of  pain,  using  great  caution, 
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as  Golovine  suggests,  to  sever  that  hraiieh  of  the  ciliary  nerves  which 
lies  beneath  the  internal  rectns  muscle.  This  branch  is  easily  over- 
looked, but  should  be  cut,  else  the  operation  will  not  bring  relief  from 
pain,  and  this  is  often  the  main  purpose  of  the  procedure.  At  the  same 
time  (the  bulbar  portion  of  the  nerve  is  now  plainly  in  view)  the  optic 
nerve  should  be  cut  otf  level  with  the  scleral  surface,  if  this  has  not 
already  been  accomplished  at  the  original  section. 

Linds  Furgeson  claims  that  the  hemorrhagic  proptosis  can  be  greatly 
relieved  by  passing  the  curved  scissors  back  of  the  eyeball,  lifting  it  a 
little  and  allowing  the  blood  to  escape. 


Optipo-Ciliary  Neurotomy.     Showing  the  conjimetival  incision  and  the  muscle 
tied,  the  latter  being  held  on  a  strabismus  hook. 

The  socket  back  of  the  globe  should  now  be  thoroughly  irrigated 
wdth  bichloride  solution,  the  muscle  caught  by  fixation  forceps,  the 
suture  which  held  the  globe  liberated  and  the  muscle  securely  sutured 
to  the  tendon  with  catgut — to  preserve  its  function.  The  lips  of  the 
conjunctival  wound  should  be  drawn  together  with  catgut  sutures,  the 
speculum  withdrawn,  the  lids  closed  and  the  operative  field  and  lids 
abundantly  smeared  with  bichloride  ointment. 

A  firm  pressure  bandage  should  be  applied  and  the  eye  subsequently 
inspected  from  day  to  day. 

Some  exophthalmus  persists  for  a  short  time,  but  it  almost  always 
disappears. 

The  results  of  the  operation  are  freedom  from  pain,  with  an  anes- 
thesia of  the  cornea  that  gradually  disappears.  Corneal  ulceration 
sometimes  occurs  from  defective  nourishment,  or  exposure  due  to  in- 
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ability  to  close  the  lids — as  recorded  by  Landesberg,  Poucet,  Leber, 
Kidard,  and  others.  Tension  is  usually  normal,  but  the  fundus  vessels 
are  anemic.  Atrophy  of  the  eyeball  is  not  apt  to  occur.  Pain  some- 
times returns,  according  to  Landesberg,  Linds  Furgeson,  Treacher 
Collins,  and  others. 

If  successful,  the  operation  is  certainly  excellent,  since  an  eyeball 
remains,  normal  in  appearance,  and  perfect  in  its  muscular  excursions. 

Linds  Furgeson  {Trans.  Ophfhal.  Soc.  U.  K.,  1898)  has  devised  a 
pair  of  curved  scissors  with  a  clamp  on  its  concave  surface  for  cutting 


Optico-Ciliary  Neurotomy.     Severing  the  inusclo. 


tlio  bulbar  end  of  the  o])tic  nerve.  The  scissors  and  clamp  operate 
siimiltaiicously  so  tliat,  after  the  nerve  is  severed,  the  globe  can  be 
pulh'd  completely  arouiul  by  the  clamp.  Briggs  {Arch,  of  Ophtlml., 
Vol.  16,  No.  1,  1886,  p.  37)  has  devised  a  pair  of  curved  scissors  with 
two  sets  of  l,)lades  several  mm.  apart  by  which  a  section  of  the  nerve 
can  be  cut  out  with  one  compression  of  the  blades.  Claws  between  the 
scissor  blades  catch  the  exseeted  portion  of  the  nerve;  which  insures 
its  removal  when  the  scissors  are  withdrawn. 

Golovine  clam])s  the  optic  nerve  with  strong  pressure  forceps  and 
then  divides  it  in  front.  He  allows  the  forceps  to  remain  in  situ  a])out 
len  iiiimitf's.  and  chiims  Ihat  as  a  result,  tliere  is  very  little  hem- 
orrhage,    (loloviiie  also  exsects  a  pdi'tion   of  the  optic  nerve. 
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Henry  Joseph  {Arch.  d'Ophtal.,  Nov.,  li)04,  p.  715)  devised  an  in- 
strument, something  after  the  form  of  a  tonsillotonie,  for  the  purpose 
of  cutting  the  optic  nerve,  that  may  be  used  either  in  optico-eiliary  or 
any  other  form  of  ocular  neurotomy.  Richard  Vollert,  of  Leipzig,  in 
1909,  devised  a  pair  of  scissors  with  false,  dull  hlades  in  front.    These 


U|)tico-Ciliaiy  Neurotomy.     Cutting  the  optic  nerve. 


Scissors  of  Vollert. 


latter  are  forced  forwards  l)y  pulling  their  base  backwards.  This 
mancEuver  forces  the  eyel)all  forwards  and  allows  the  section  of  the 
nerve  to  be  made  as  far  l)ackward  as  possible.  Tlie  instrument  may  be 
used  in  neurotomy  or  in  any  form  of  enucleation. 

Chisholm  {Joum.  Am.  Med.  Assoc,  Sept.  10,  1892)  advocated  a 
short  anestliesia,  as  his  operation  takes  only  a  few  minutes.  He  makes, 
with  scissors  and  forceps,  a  short,  horizontal  incision  in  the  conjunctiva 
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along  the  loAver  border  of  the  internal  rectus  muscle.  iScissors  are 
inserted  beneath  the  nienil)raue  to  open  the  space  of  Tenon.  A  double- 
pointed,  curved  liook  inserted  l)eneath  the  capsule,  engages  the  sclera. 
The  eyeball  is  rotated  outwards,  bringing  the  0|)tic  and  ciliary  nerves 


Opticociliary   Neurotomy.     Cutting  the  ciliary   and   optic  nerves. 


Oi)tico-Ciliary   Neurotomy.      The   sutured    muscle. 

within  ea.sy  reach.  Strong,  curved,  enucleation  scissors  are  now  passed 
back  of  the  eyeball  and  both  nerves  are  severed.  A  compress  bandage 
is  (piickly  applied  after  the  ordinary  dressings,  to  prevent  excessive 
hctiiorrhage.     Tt  is  kept  in  ])lace  for  one  day. 
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riiisluilni  I'laiiued  extraordinarily  good  results,  but  this  statement 
sliould  be  taken  guardedly  as  many  surgeons  have  abandoned  his 
operation  on  aeeonnt  of  excessive  bleeding,  corneal  necrosis,  bulbar 
atrophy,  etc. 

In  a  personal  conununication  from  INIenacho,  of  Barcelona,  he  advo- 
cates making  the  circum-corneal  incision  and  afterwards  cutting  the 
internal  and  external  recti  muscles  quite  a  distance  back  from  the 
globe.  A  suture  is  then  passed  through  each  end  of  the  severed  muscle. 
The  sutures  transtixing  the  tendons  next  to  the  sclera  are  held  in  one 
hand  wiiile  the  eyeball  is  pulled  t'oi'ward  as  far  as  possible,  thus  lifting 
it  t'l'om  its  bed.  This  enables  the  operator  to  pass  the  scissors  back  of 
the  eyeball  and  perform  the  neurotomy  or  neurectomy,  after  which  the 
eut  tendons  are  sutured  together.  Menaeho  claims  for  the  operation 
simplicity  and  speed. 


Optico-Ciliary  Neurotomy.     The  sutured  c-oiijuuetiva. 

Ernest  Hall  {Am.  Journ.  of  Surg,  and  Gynecology,  Vol.  8,  July, 
1896,  p.  96)  proposed  as  a  substitute  for  enucleation  the  following 
procedure  :  ' '  The  scissors  having  been  inserted  about  25  mm.  behind 
the  selero-corneal  junction,  sufficiently  to  include  the  ciliary  body,  a 
complete  section  is  made,  so  removing  the  whole  front  of  the  eyeball. 
The  vitreous  is  then  evacuated  and  the  retina  and  choroid  removed 
by  curette.  The  hemorrhage  is  profuse  but  controlled  by  hot  water  and 
pressure.  Then  the  speculum  is  inserted  within  the  ball  and  so  made 
to  hold  the  eyelids  and  edges  of  the  sclerotic  opening.  The  optic  nerve 
is  grasped  with  toothed  forceps  and  scissors,  or  a  long  slender  knife 
inserted  as  close  as  possible  to  the  nerve  to  avoid  wounding  the  ciliary 
arteries,  and  a  circular  incision  made  in  the  sclerotic,  freeing  the  optic 
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nerve.  The  nerve  is  then  drawn  forward  and  severed  about  25  mm. 
from  the  sclerotic  and  conjunctiva.  A  piece  of  gauze  is  inserted  in 
the  sclerotic  and  conjunctiva  closed  vertically  so  as  to  give  normal 
tension  to  the  internal  and  external  recti. ' ' 

By  this  operation  the  ciliary  region  is  excised  in  front  and  the  optic 
nerve,  etc.,  behind,  thus  removing  the  two  principal  sections  of  the  eye- 
ball whence  trouble  may  be  expected.  The  central  zone  of  the  sclera, 
with  its  muscular  attachments,  is  undisturbed. 

Huizinga  {Journ.  Am.  Med.  Assoc,  Feb.  17,  1900)  proposed  an 
operation  which  he  called  ' '  Eviscero-neurotomy. "  It  is  a  combination 
of  evisceration  and  optico-ciliary  neurotomy.  A  Mules  globe  may  be 
inserted  or  not,  and  he  claims  complete  immunity  from  sympathetic 


Preparatory  Evisceration   for  Iluiziuga's  Operation. 


ophthalmia.  In  tliis  operation  the  anterior  portion  of  the  globe  is 
abscised  by  knife,  scissors  and  forceps;  the  contents  of  the  globe  are 
removed  exactly  as  in  the  ordinai'y  evisceration  opei'ation.  The  bulbar 
opening  is  enlarged  laterally  by  splitting  the  sclei'otie  up  to  the  inser- 
tions of  the  internal  and  external  recti  muscles.  The  peculiar  feature 
of  his  oj)eration  is  as  follows:  "While  an  assistant  keeps  the  mouth 
of  the  wound  widely  op(>n.  a  pair  of  forceps  is  inti'oduced  into  the 
inside  of  the  l);ill.  tlirouLili  the  opeiiiu'.:'  made  by  amputation  of  tlie 
cornea,  and  the  sclerotic  coat  is  caught  about  midway  !)etween  the 
equator  and  the  posterior  pole,  and  button-lioled  with  l)lunt-pointed 
scissors. 

"This  oi)ening  is  then  enlarged  laterally,  parallel  with  the  etjuator, 
until  it  has  cncii-cled  one-luilf  of  the  ball.  A  blunt,  curved  emieleation 
scissors  is  then  introduced  tlii'ou'^h  this  opening  and  passed  back  of  the 
globe,   and   tlie   optic   and   ciliai-y    nci'vi's   are   se\-ei'ed.      Having  thus 


4466  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

loosened  tlic  cychall  postcrioily.  Iliis  [)ai't  can  then  he  drawn  forward 
nj)  to  tile  corneal  o|)eniii>i'  h\'  partly  evertin<i-  th(>  sclerotic  from  hehind 
hy  the  aid  of  foi'ceps,  and  that  pact  of  it,  including  the  nerves,  is  re- 
moved by  continuing  the  cut  parallel  with  the  ecjuator  until  it  extends 
entirely  around  the  eye.  Jn  this  manner  the  posterior  segment  of  the 
eye,  a  section  somewhat  larger  than  the  cornea,  is  removed,  and  all 
nerve  connection  thoroughly  and  permanently  obliterated,  while  the 
rest  of  the  sclerotic  with  its  muscle  attachments  is  allowed  to  remain. 
' '  The  introduction  of  an  artificial  vitreous  is  very  desirable,  notwith- 
standing the  fact  that  it  is  not  always  retained  and  the  difficulty 
occasionally  experienced  to  obtain  prompt  and  perfect  union  by  first 


Operation  of  Hiiizinga.     Grasping  the  selei-a  from  the  inside  of  the  eye. 

intention.  Where  such  unfortunate  conditions  do  not  obtain,  and  they 
are  in  the  majority,  the  results  are  so  much  better  for  a  prothesis  that 
I  believe  this  practice  would  be  more  generally  adopted  if  some  ma- 
terial could  be  obtained  that  is  more  suitable  to  the  purpose  than  either 
glass  or  metal. 

' '  The  wound  is  closed  with  fine  silk  sutures,  and  the  after-treatment 
is  the  same  as  in  evisceration.  The  local  reaction  following  this  opera- 
tion has  in  no  case  been  as  severe  as  that  following  simple  evisceration. 
In  fact,  I  should  say  that  it  has  been  no  more  severe  than  after 
enucleation. 

"This  operation  is  strictly  in  accord  with  what  I  consider  one  of  the 
first  rules  in  surgery,  viz.,  to  ol^tain  the  maximum  in  results  by  the 
removal  of  the  minimum  of  tissue. 
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•'In  L'onclusioii :  1.  This  inetliod,  with  the  use  of  an  artificial 
vitreous,  leaves  as  perfect  a  stump  as  after  Mules'  operation.  2.  It 
prevents  absolutely  the  dangers  of  sympathetic  inflammation.  3.  The 
local  reaction  appears  to  be  no  greater  than  after  enucleation.  4.  We 
obtain  the  maximum  in  results  by  the  removal  of  the  minimum  of 
tissue.  5.  We  obtain,  besides  this,  all  the  advantages  claimed  for 
Mules'  operation,  as  well  as  those  of  enucleation  without  their  disad- 
vantages. ' ' 

Shortly  after  the  publication  of  this  paper,  Huizinga  began  a  series 
of  operations  on  dogs  and  considerably  modified  his  previous  proce- 
dures. His  improved  method  is  as  follows:  "Having  introduced  a 
speculum  and  taken  the  ordinary  precautions  to  guard  against  infee- 


Operation  of  Iliiiziiif^a.     Cutting  'iway  a  portion  of  the  sclera  from  the  inside 
of  the  eye. 


tion,  the  eye  is  drawn  inwards  and  upwards  as  far  as  possible  so  as 
to  expose  the  external  iiifei'ioi-  quadrant.  With  a  small  scalpel  the 
sclerotic  is  pict-ccd  about  ;i  <|iiarter  of  an  inch  posterior  to  the  sclero- 
corneal  margin  and  just  below  tlie  insertion  of  the  external  rectus. 
This  incision  is  carried  backwards  meridionally  up  to  the  entrance  of 
the  optic  nerve.  The  cornea  is  not  anij)utate(l  but  left  intact.  The 
contents  of  the  eyeball  are  carefully  removed  and  its  interioi'  thor- 
oughly cleansed.  I  find  that  an  ordinary  eye  speculum  inti'oduced 
into  this  wound  assists  in  k('ci)ing  its  edges  apart  and  greatly  facilitates 
the  woi'k.  A  circular  section  of  the  posterior  portion  of  tlie  sclerotic, 
just  large  enough  to  include  tlie  oi)tic  and  ciliai'y  nci'ves,  is  then  re- 
moved througli  tlic  o|)ciiing  in  the  globe  and  llic  end  of  the  nerves 
ainpnlatcd.     After  all  liemorrliage  has  ceased,  a  fenesti'ated  metal  ball. 
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the  largest  size  that  can  possibly  be  aceoniinodated,  is  introduced.  The 
edges  of  the  wound  in  the  sclerotic  are  closed  witli  catgut  sutures,  which 
are  covered  by  the  conjunctiva  being  di'awu  over  them  and  sutured 
with  black  silk. 

"The  local  reaction  is  comparatively  slight.  The  cornea  soon  loses 
its  characteristics  and  becomes  lustreless  and  opaque.  In  about  six  or 
eight  weeks  after  the  operation  the  cornea  is  tattooed  so  as  to  resemble 
as  nearly  as  possible  a  normal  eye — i.  e.,  the  center  of  the  cornea  black 
to  resemble  a  pupil,  and  around  this  circle  of  such  color  as  may 
harmonize  with  that  of  the  iris  of  the  other  eye. 

"The  results  have  been  fairly  satisfactory  and  have  encouraged  the 
hope  that  it  may  be  possible  to  remove  as  much  as  may  be  necessary  in 
an  ott'ending  organ  and  yet  retain  a  fairly  presentable  eye  without  the 
necessity  or  inconvenience  of  wearing  an  artificial  shell.  In  size  the 
globe  decreases  a  little.  The  sclerotic  remains  slightly  congested  for  a 
time,  giviiig  the  appearance  of  an  inflamed  eye.  Subsequent  enuclea- 
tion has  showai  that  the  interior  of  the  metal  sphere  became  filled  with 
new  tissue  entering  in  through  the  opening  in  the  posterior  part  of  the 
sclerotic  and  through  the  fenestrte  of  the  metal  ball." 

Nicati  (Arc/t.  d'Ophtal.,  June,  1903,  p.  347)  proposed  an  operation 
which  is  quite  similar  in  its  process  to  that  of  Iluizinga.  It  is  called 
"partial  ablation  of  the  ocular  globe  by  the  process  of  sub-enuclea- 
tion."  He  operates  as  follows:  "A  horizontal  or  vertical  incision  is 
made  into  the  conjunctiva  on  the  inner  side  of  the  globe.  The  adductor 
muscle  is  seized,  divided  through  its  tendon  and  guarded  by  a  catgut 
suture  which  is  passed  through  the  tendon  and  the  conjunctiva.  The 
capsule  is  separated  above  and  below  and  the  optic  nerve  is  sectioned 
in  the  ordinary  manner.  The  posterior  pole  of  the  eyeball  is  seized 
with  a  tenaculum  and  is  drawn  forward.  It  is  separated  from  the 
oblique  muscles  and  is  drawn  through  the  conjunctival  opening,  after 
which  the  posterior  portion  of  the  globe  is  exsected  up  to  the  insertion 
of  the  rectus  muscles.  The  conjunctival  opening  is  closed,  and  the 
tendon  of  the  internal  rectus  muscle  is  secured.  An  accumulation 
of  blood  back  of  the  cornea  forces  the  eyeball  forward  but  this,  he  says, 
is  removed  by  compression. 

"Convalescence  is  more  rapid  than  in  total  enucleation,  and  the  re- 
sults are  an  excellent  stump  with  the  conjunctiva  entire. 

"Sympathetic  ophthalmitis  is  avoided,  the  anatomo-pathologic  col- 
lectors alone  being  the  losers. ' ' 

L.  Miiller,  in  1908,  practised  a  similar  operation. 

Nicati 's  statement  should  not  be  allowed  to  pass  unchallenged,  as 
sympathetic  ophthalmia  is  not  always  averted,  as  evidenced  by  cases 
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cited  by  Trousseau  and  Rohmer  in  1893,  Pfliiger,  Clausen,  Scliweigger, 
Krones,  and  others,  after  the  performance  of  this  operation. 

When  for  any  reason  closure  of  the  conjunctival  sac  seems  desirable, 
^laenab  {Tran^.  Ophth.  Soc.  United  Kincjelom.  Vol.  38,  p.  50)  incises 
each  lid,  on  its  outer  aspect,  down  to  the  tarsus,  beginning  at  the 
junction  of  the  inner  fourth  and  the  outer  three-fourths  and  extending 
to  the  external  tarsal  ligament.  The  external  ligament  is  cut  with 
scissors,  and  the  two  incisions  joined  at  one  stroke.  Drawing  the 
edges  of  the  lids  together  witli  the  tarsal  plates,  towards  the  nose,  the 
conjunctiva  is  separated  from  the  orbital  tissues.  The  whole  mass, 
consisting  of  lid  margins,  conjunctiva,  and  tarsal  plates,  is  divided  at 
the  external  canthus.  The  orbit  is  then  closed  l)y  four  catgut  sutures 
which  pick  up  the  tissues  at  the  bottom  of  the  wound. 

TRANSPLANTATION   OF  ANIMAL.s'   EYES   INTO    HUMAN   SOCKETS. 

The  transplantation  of  a  rabbit's  eye  into  the  human  orbit  has  up 
to  the  present  time  resulted  in  little  more  than  the  exploitation  of  a 
surgical  curiosity,  but  extending  some  slight  encouragement  for  future 
investigation.  While  a  few  experiments  have  produced  movable,  and 
more  or  less  prominent,  stumps  by  such  procedures,  no  case  has  as 
yet  been  reported  where  vision  has  been  produced  and  in  the  very 
nature  of  things  it  is  exceedingly  improbable  that  such  a  result  will 
ever  be  attained.  It  must  be  mentioned,  however,  that  S.  Zervos, 
{Grece  Medicals,  Vol.  XII,  No.  1  and  2,  1909)  narrates  some  wonder- 
ful results  in  transplanting  testicles,  kidneys,  spleens  and  eyeballs 
from  one  aniuud  to  another.  He  claims  that  eyes  from  young  animals 
can  be  successfully  transplanted  and  that  they  will  resume  their  func- 
tions. Certainly,  further  proof  is  necessary  before  such  astounding 
claims  will  be  accepted.  It  is  difficult  to  see  how  the  stump-producing 
results  of  Ihese  experiments  are  really  sui)erior  to  a  well-performed 
enucleation,  where  the  muscles,  conjunctiva,  etc.,  are  all  sutured  to- 
gether, as  described  in  earlier  portions  of  this  section,  since  under 
the  most  favorable  circumstances  the  implanted  eyeball  shrinks  to  one- 
half  or  one-third  of  its  original  volume.  The  results  certainly  cannot 
be  compared  in  theii-  cosmelic  (|ii;ility  to  a  Mules'  operation. 

Some  operalors  merely  adjust  1lie  i-abbit's  eyeball  into  the  space 
just  vaejited  by  the  human  globe  and  attach  the  muscles,  conjunctiva, 
etc.,  to  the  implanted  sphere;  olliers  also  unite  the  ends  of  the  two 
optic  nerves. 

The  first  experiment  was  made  by  Ciiibret  {Bull,  di  VAcad<mie  de 
Medccine  dc  Paris,  :\Iay  28,  1885;  also,  Rervc  GcneraU  d'Ophtal., 
May  81,  1885)  on  a  girl  of  seventeen  years.  He  implanted  a  ral)bit's 
eye  by  suturing  the  patient's  conjunctiva  to  the  ral)bit's  cornea.     The 
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cornea,  ol'  course,  slouylicd,  as  uiiiilit  have  been  expected,  and.  the 
operation  was  a  failure.  Teri-ieii  (Kcport  to  the  Societe  de  Chir.  of 
Parvi,  1885),  a  littU'  later,  rei)orted  anotlier  failure  and  Rohnier,  still 
later  in  1885,  rei)orted  another.  Bradford  {Boston  Med.  ^k  iSurg. 
Journ.,  Sept.,  1885,  p.  26!)),  still  later,  reported  a  fourth  ease,  which 
he  claimed  as  successful.  This  operator  united  the  two  optic  nerves, 
and  the  two  conjunctiva^,  as  well  as  the  muscles  of  the  orbit  to  the 
implanted  globe.  The  records  of  this  case,  however,  disclosed  the  fact 
that  within  a  year  the  cornea  became  opaque,  wrinkled  and  sclerosed, 
and  while  no  pain,  inflammation  or  discharge  was  present,  it  was 
deemed  best  to  remove  the  eye.  Terrien  followed  Bradford's  plan, 
but  did  not  succeed. 

May  (iV.  Y.  Med.  Record,  May  29,  1886,  p.  613)  performed  a 
valuable  series  of  experiments  on  24  rabbits  into  whose  sockets 
he  implanted  the  eyeballs  of  other  rabbits.  He  established  the 
fact  that  the  operation  is  entirely  feasible,  but  whether  it  is 
profitable  or  not  is  quite  another  matter  when  we  consider  that  the 
rabbit's  eye  is  much  smaller  than  the  human  eye  and  that  after  a  suc- 
cessful operation  it  shrinks  to  from  one-half  to  one-third  its  original 
size.  May  says  that  the  tissues  of  the  socket  and  the  implanted  eyes 
heal  promptly  and  that  nniscular  movement  is  evident  in  from  3  to  16 
days.  He  had  sloughing  in  9  eases,  but  some  kind  of  an  eyeball  was 
preserved  in  all  cases ;  small  in  some  and  larger  in  others.  He  claimed 
that  the  optic  nerves  became  united  in  all  cases. 

In  1901  Lagrange  instituted  some  experiments  in  grafting  a  rab- 
bit's eye  into  a  human  socket.  He  warns  surgeons  not  to  be  influ- 
enced by  Rohmer's  failures  as  his  technic  was  faulty,  he  having  de- 
posited the  rabbit's  eye  into  the  human  capsule  of  Tenon  before 
bleeding  had  ceased.  He  used  purse-string  instead  of  interrupted 
sutures,  with  the  rabbit  and  human  muscles  nicely  approximated.  He 
regards  the  following  rules  as  essential  to  success:  "1.  That,  as  each 
rectus  is  cut,  a  thread  be  passed  through  it  to  prevent  its  retraction. 
2.  Following  enucleation,  that  the  eye  be  not  inserted  until  all  hem- 
orrhage has  ceased.  3.  That  an  eye  of  a  young  rabbit  be  selected.  4. 
That  the  opposite  muscles  be  drawn  into  apposition  by  appropriate 
sutures.  5.  That  the  sutures  in  the  conjunctiva  be  close  together  and 
be  allowed  to  remain  a  week.  6.  That  the  most  careful  antisepsis  be 
carried  out." 

In  1905  Lagrange  still  further  improved  his  technic,  by  protecting 
the  cornea  from  those  influences  which  favor  its  necrosis.  His  features 
of  improvement  are  enumerated  as  follows:  "The  rabbit's  eye  is 
placed  into  Tenon's  capsule  with  the  cornea  turned  downward  and 
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then  the  several  muscles  of  the  patient's  eye  are  sutured  to  the  pos- 
terior pole  of  the  rabbit's  eve.  Rolling  up  of  the  muscles  can  be  pre- 
vented by  flattening  them  out.  This  method  of  implantation  should 
not  be  used  after  enucleation  on  account  of  iridocyclitis  and  panoph- 
thalmitis, ^vhere  the  capsule  of  Tenon  is  implicated  in  the  process. 
The  implanted  eye  shrinks  in  the  course  of  time,  but  there  usually 
remains  enough  of  a  stump  for  the  artificial  eye  to  facilitate  its  mo- 
bility. Out  of  11  cases  observed,  8  showed  a  very  good  result.  The 
longest  time  of  observation  was  4  years." 

In  1907  Lagrange  (Arch.  d'Ophtal,  March,  1907,  p.  150)  modified 
his  operation  by  placing  the  eye  of  the  rabbit  directly  backwards,  as  the 
sclerotic  is  better  able  to  witlistand  the  pressure  of  the  threads  than 
the  cornea. 

Wicherkiewicz  {Pastep.  Okidist.,  No.  7,  1908)  reports  the  results  of 
35  implantations  of  the  rabbit 's  eye,  which  he  performed  in  his  clinic. 
His  conclusions  are  as  follows:  "1.  The  implanted  and  sutured  eye- 
ball becomes  well  attached  to  the  straight  muscles  and  acquires  nor- 
mal movements.  2.  The  course  of  healing,  considering  the  operation, 
is  comparatively  short.  3.  The  connection  of  the  implanted  globe  with 
the  surrounding  tissues  is  intimate,  as,  for  instance,  a  recurrent  neo- 
plasm, not  only  the  orbital  tissues  but  the  rabbit's  eye  itself  grows 
fast.  4.  In  course  of  time  the  implanted  globe  becomes  one-half  or 
one-third  the  original  size.  5.  The  older  the  subject  the  greater  is  the 
shrinking  of  the  globe,  which  sometimes  becomes  so  atrophic  that  it 
cannot  be  felt.  6.  In  no  instance  has  the  implantation  given  rise  to 
sympathetic  symptoms  in  the  other  eye." 

From  longer  observation  Wicherkiewicz  is  inclined  to  restrict  this 
heteroplasty  to  children  or  young  subjects,  on  account  of  the  atroph}' 
of  the  implanted  globe.  lie  followed  the  plan  of  Lagrange  and  advo- 
cated the  turning  of  flic  cornea  directly  backward  to  protect  the  cor- 
nea, by  keeping  it  wai'iii  and  guarding  it  from  outside  influences.  It 
was  also  found  that  in  this  position  better  motion  could  be  obtained 
than  if  the  eye  was  turned  downward,  as  first  proposed  by  Lagrange. 

The  writer  of  this  section  suggests  that  the  cornea  may  be  amply 
protected  by  jilacing  it  well  forwards  within  fhc  capsule  of  Tenon, 
and  flit'ii  iiiiifing  with  catgut  sutures  the  muscles  of  the  patient  to  the 
stump  of  iiiuscles  left  on  the  r;il)hit"s  eye.  Tlie  undermined  conjunc- 
tiva might  then  lie  sutured  oxer  the  ini|il;inted  cvehnll. 

(iifford  operation  for  sifjlilliss  slinnps.  (iifford  (Archives  of  Opli- 
tluihii..  Vol.  31,  \o.  2)  has  suggested  an  o|)ei"ition  Toi'  the  protection 
of  the  cornea,  in  some  siglitless  eye  slumps,  wliere  the  patient  will  not 
consent  to  an  enucleafioii  or  evisceration,  and  yet  desires  to  wear  an 


4472  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

artiiicial  eye  but  is  (leten-ed  from  so  doing  on  account  of  a  sensitive 
cornea.  His  remarks  and  directions  for  operating  are  as  follows:  "I 
believe  that  many  sightless  stumps  are  worth  preserving,  as  they  make 
the  best  possible  support  for  an  artificial  eye ;  and  as  being  entirely 
harmless  if,  after  once  becoming  quiet,  they  can  be  kept  from  being 
infected.  Where  such  a  stump  has  any  considerable  amount  of  cornea 
left,  this  sometimes  becomes  irritated  when  an  artificial  eye  is  worn, 
and  often  drives  the  patient  to  the  oculist  with  the  request  that  the 
stump  be  removed  in  order  that  a  shell  may  be  worn  with  comfort. 
In  another  class  of  cases,  the  amount  of  cornea  left  is  so  small  that  it 
would  not  be  irritated  by  the  artificial  eye,  but  having  been  penetrated 
either  by  an  nicer  or  a  wound,  bits  of  the  iris  tissue  are  exposed  in 
the  scar  so  as  to  become  not  only  a  source  of  irritation,  but  possibly  of 
deep-seated  and  dangerous  infection.  In  the  third  class,  the  eyeball 
may  be  quite  natural-looking,  but  on  account  of  its  distorted  nutri- 
tion, either  from  glaucoma  or  from  some  other  cause  which  impairs 
the  vitality  of  the  corneal  epithelium,  it  is  subject  to  frequent  attacks 
of  corneal  ulceration  which  render  the  ball  a  nuisance.  In  all  of  these 
cases  I  have  been  accustomed  for  the  last  six  years  to  cover  the  cornea 
either  with  a  conjunctival  flap,  a  Thiersch  flap,  or  an  epithelial  lip 
flap.  Where,  as  in  the  majority  of  cases,  conjunctiva  is  used,  the  mem- 
brane is  excised  around  the  lower  half  of  the  cornea  for  an  area  about 
3-16  of  an  inch  wide  at  the  sides,  and  i/g  inch  below.  Above  this  zone 
the  membrane  is  dissected  free  from  the  globe  as  far  as  the  upper 
fornix  in  the  neighborhood  of  which  a  cross  cut  is  made  through  the 
membrane  to  allow  it  to  be  slid  down  over  the  cornea  without  putting 
too  much  tension  on  it.  Three  sutures  below  are  generally  sufficient, 
but  these  should  be  put  well  into  the  episcleral  tissue,  nearly  as  deeply 
as  in  the  advancement  of  one  of  the  straight  muscles.  It  may  be 
asked  why  not  accomplish  the  same  thing  by  dissecting  up  the  con- 
junctiva both  above  and  below  and  sewing  it  together  in  a  straight 
line  across  the  center  of  the  cornea.  This  is  the  method  which  first 
occurred  to  me  and  which  I  tried  without  success,  both  on  men  and 
rabbits.  It  proved  to  be  practically  impossible  to  bring  enough  raw 
surface  from  each  side  into  contact  to  produce  a  firm  union.  As  soon 
as  the  stitches  came  out,  the  conjunctiva  slipped  gradually  back,  leav- 
ing the  cornea  nearly  as  much  exposed  as  before.  This  is  the  reason 
for  putting  the  stitches  into  the  episcleral  tissue  after  denuding  the 
sclera  below  the  cornea.  Unless  this  is  done,  the  tension  on  the  upper 
flap  is  apt  to  pull  up  the  conjunctiva  from  below,  so  that  Ihe  line  of 
sutures  lies  across  the  cornea  and  firm  union  does  not  take  place. 
"Where,  from  any  cause,  the  conjunctiva  is  atrophic  and  the  space 
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for  an  artificial  eye  would  be  too  much  limited  by  the  operation  just 
described,  I  use  an  epithelial  lip  tlap  (i.  e.,  a  thin  flap  shaved  from 
the  lip  with  a  razor),  or  a  Thiersch  flap.  The  conjunctiva  having 
been  dissected  up  for  y^  of  an  inch  around  the  cornea,  and  the  cornea 
having  been  scraped  (especial  care  being  taken  in  the  neighborhood 
of  the  limbus),  the  flap  is  spread  out  carefully  over  the  cornea  and 
tucked  under  the  loose  conjunctiva  on  all  sides.  It  is  well  to  bandage 
both  eyes  for  twenty-four  hours  after  these  operations.  I  have  used 
the  Thiersch  flap  for  this  purpose  only  once,  because,  although  it 
healed  on  perfectly,  the  accumulation  of  dead  epidermis  on  its  surface 
caused  some  irritation  and  I  scraped  the  skin  flap  off  and  substituted 
a  lip  flap  for  it.  I  think,  however,  that  the  irritation  could  have  been 
avoided  if  the  patient  had  wiped  off  the  dead  epidermis  once  or  twice 
a  week  (as  I  have  since  learned  to  teach  other  patients  to  do,  where 
Thiersch  flaps  have  been  substituted  for  conjunctiva  in  other  sorts  of 
operations)  ;  and  the  ease  with  which  larger  Thiersch  flaps  can  be 
obtained,  inclines  me  to  give  them  another  trial  where  a  nearly  full- 
sized  cornea  requires  to  be  covered. 

' '  It  should  not  be  understood  that  I  propose  these  operations  as  sub- 
stitutes for  evisceration  or  enucleation  in  actively  infected  globes. 
But  rather  in  the  class  of  cases  in  which  the  patient  comes  to  the 
oculist  with  a  perfectly  quiet  stump  over  which  a  shell  cannot  be  worn 
on  account  of  the  irritation  of  the  cornea ;  or  on  account  of  the  danger 
of  irritating  and  infecting  exposed  bits  of  iris  tissue ;  or  where  the 
stump  is  irritable  solely  from  the  degeneration  of  the  corneal  epithe- 
lium, one  or  the  other  of  these  operations  does  excellent  service  in 
doing  away  with  the  necessity  for  a  more  radical  operation  and  in 
preserving  the  best  kind  of  support  for  an  artificial  eye.  Moreover, 
it  is  readily  accepted  by  some  patients  who  will  not  consent  to  an 
evisceration  or  an  enucleation." 

Dianoux  proposed,  to  avoid  an  enucleation,  the  following  oi)eration 
for  hydrophthalmus:  "The  cornea  is  slowly  cauterized  in  lines  radi- 
ating from  its  center  to  the  depth  of  two-thirds  its  thickness.  A  cone 
with  a  radius  of  2  mm.  is  then  formed  in  its  center,  the  apex  of  which 
is  perforat^'d,  allowing  the  aqueous  humor  to  escape.  A  bismuth  com- 
press and  bandage  dressing  are  applied  and  retained  for  a  period  of 
three  days,  after  which  cleansing  and  ])i-daily  instillations  of  cocaine- 
eserin  solutions,  followed  hy  llie  ap])li('ation  of  compress  l)andages, 
are  practised  for  several  weeks'  time.  If  an  excess  of  tension  is 
observed,  massage  is  employed  Iwire  daily.  If  necessary  tlie  operation 
may  be  repeated.  Tattooing  of  the  globe  may  increase  llie  \;dne  of 
the  method    from  ;iii  artistic  standpoint." 


4474  ENUCLEATION  OF  THE  EYE  AND  ITS  SUBSTITUTES 

Co)icli(si())is.  Probably  no  operation  will  ever  deprive  some  form  of 
simple  enucleation  of  its  well  tleserved  popularity.  Other  procedures, 
such  as  evisceration,  ]\Iules'  operation,  etc.,  are  doubtless  useful  and 
desirable  under  certain  conditions,  but  enucleation  will  probably  ever 
remain  a  favorite  with  most  surgeons.  This  must,  almost  necessarily, 
be  the  case  since  a  large  proportion  of  eyes  requiring  removal  are  suf- 
fering from  some  form  of  anterior  ocular  suppuration,  when  any 
procedure  short  of  total  extirpation  is  accompanied  by  more  or  less 
risk.  Besides  this,  many  cases  of  eyeball  removal  are  necessitated  on 
account  of  ocular  or  orbital  tumors  (especially  when  malignant)  and 
this  condition  demands  complete  excision  of  the  eyeball. 

Again,  when  sympathetic  ophthalmia  is  present  or  threatened,  no 
operation  is  so  reliable  in  its  results  as  a  complete  enucleation.  This 
statement  is  especially  to  be  emphasized  if  two  weeks  or  more  have 
transpired  since  the  original  traumatism,  as  by  that  time  dangerous 
extension  may  have  occurred  and  any  operation  which  does  not  sever 
the  optic  nerve  as  far  back  as  possible  may  be  insuificient  to  check  the 
further  progress  of  disease.  If  the  injured  eye  is  seen  before  two 
weeks  have  elapsed  it  may  lie  regarded  as  safe  to  perform  some  other 
operation,  such  as  evisceration  or  Mules'  operation. 

These  and  other  pathological  conditions,  such  as  badly  lacerated 
and  excessively  shrunken  eyeballs,  removable  eyeballs  in  old  people, 
etc.,  constitute  a  majority  of  the  cases  calling  for  some  form  of  extir- 
pation and  it  becomes  quite  apparent  to  an  unbiased  mind  that  enu- 
cleation is,  and  must  remain,  the  most  frequent  of  the  operations  that 
have  been  considered  in  this  section. 

In  this  connection  it  should  likewise  be  said  that  the  old-fashioned 
Ferrall  or  Bonnet  operation,  in  wiiich  no  effort  is  made  to  preserve 
muscular  activity  of  the  stump,  so  generally  done  now  and  in  the  past, 
should  be  employed  with  much  less  frequency  in  the  future.  Some 
operation  in  which  the  conjunctiva,  capsule  and  muscles  are  sutured 
together  for  the  purpose  of  producing  a  prominent  and  movable  bed 
upon  which  a  well-selected  artificial  eye  may  rest  and  move  is  the 
operation  of  election.  The  Ferrall  or  Bonnet  operation  will  probably 
always  have  a  place  in  ophthalmic  surgery,  especially  when  a  severe 
orbital  infection  calls  for  open  drainage  and  when  malignant  orbital 
tumors  reciuire  thorough  orbital  exenteration,  but  in  practically  all 
other  cases  every  structure  possible  should  be  preserved.  In  selecting 
an  operation  where  muscular  activity  of  the  stump  is  preserved,  one 
of  the  procedures  heretofore  described,  where  the  muscles  are  firmly 
secured,  before  tenotomy  is  performed,  should  be  chosen,  for  if  the 
muscle  is  cut  and  allowed  to  shrink  into  the  socket,  it  is  difficult  to 


ENUCLEATIONSSCHEERE  4475 

pick  it  out  from  the  sun-ouuding  tissue  and  secure  it  with  a  suture. 
Evisceration  is  particularly  applicable  to  those  cases  of  ocular  or 
orbital  suppuration  that  have  extended  into  the  posterior  portion  of 
the  globe  or  have  invaded  the  orbital  tissues.  ]\Iost  operators  perform 
enucleation  even  under  these  circumstances,  but  statistical  warnings 
render  this  operation  open  to  criticism. 

Mules'  operation  may  be  done  except  in  cases  of  ocular  or  or])ital 
suppuration,  sympathetic  ophthalmia,  malignant  tumors  and  badly 
lacerated  or  shrunken  eyeballs.  Great  care  should  be  exercised  to 
eviscerate  thoroughly  the  ocular  contents,  purify  the  internal  scleral 
walls,  select  a  sufficiently  small  glass  or  gold  globe  and  to  suture  thor- 
oughly the  scleral  opening. 

The  implantation  operations  of  Frost,  Lang,  IMorton  and  Oliver  are 
indicated  wherever  ]\Iules'  operation  is  applicable;  also  in  much  lac- 
erated and  shrunken  eyeballs,  possibly,  also,  in  sympathetic  oph- 
thalmia. 

Further  experiments  in  the  iniplantation  of  fatty  tissue  should  be 
encouraged. 

The  delayed  implantation  operation  of  Fox  may  be  used  in  any 
orl)it  where  an  improved  bed  for  a  prothesis  is  desired  and  where  suffi- 
cient tissue  is  present  to  render  the  procedure  possible. 

If  optico-eiliary  neurotomy  or  neurectomy  is  useful  it  is  in  painful, 
sightless,  glaucomatous  eyes,  and  for  sightless  eyes  where  a  chronic, 
non-traumatic  ii-idocyclitis  is  present. 

If  abscission  or  complete  keratectomy  is  ever  justified,  it  is  in 
patients  with  anterior  staphyloma,  especially  in  children. —  (F.  A.) 

Enucleationsscheere.     (G.)     Enucleation  scissors. 

Enucleation,  Thyroid.    See  Exophthalmic  goitre. 

Enucleator.      (L.)      An  instrument  used  in  the  operation  of  enucleation. 

Enucleer.     (F.)     To  enucleate. 

Envahissement.     (F.)     Invasion. 

Envie.      ( F. )      A  birth-mark. 

Enzjonol.  This  is  a  trade  name  given  by  Fairchild  Bros.  &  Foster  to 
a  "purified  solution  of  the  proteolytic  enzyme,"  obtained  direct  from 
the  stomach  glands.  As  marketed  it  has  an  agreeable  odor  and  flavor. 
It  digests  or  converts  purulent  material  into  a  soluble  form  which,  in 
turn,  is  readily  removed  by  irrigation.  J.  H.  James  believi's  that, 
injected  into  the  sac  in  cases  of  dacryocystitis,  this  remedy  is  very 
efficient  and,  in  some  cases,  can   be  relied  upon  entirely. 

IT.  M.  Lokey  uses  the  following  prescription  as  a  i)art  of  his  trcnt- 
iiirnt  of  eczematous  blepharitis:  Acid.  c;irbolic.,  gr.  ii  ;  Sol.  adrenalin. 
chiorid.,  m.  xxx  :   Knzymol   ad.   tl.  .-,i.     To  be  npplied  to  the  lids  with 
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a  eoltoii  swal).  II.  I).  Bnnis  advises  tlic  use  of  this  agent  in  cleansing  ' 
infected  ulcers.  He  uses  a  50  per  cent,  solution  and  employs  it,  also, 
a.s  an  antiseptic  wash  for  disinfecting  the  lachrymal  sac,  as  well  as 
the  whole  conjunctiva. 
Ecsin.  Teti-abromfluorescein,  C  o„  II  s  I'l'  4  0  „  a  -i-atom  bromine  sub- 
stitution product  of  fluorescein ;  a  brownish-red  powder  which  crystal- 
lizes from  its  solution  in  acetic  acid  in  yellow  prisms.  It  is  a  well- 
known  staining  agent  in  microscopy. 

A  connnon  stain  in  which  eosin  is  used  is  that  of  Fischer — a  one 
per  cent,  solution  of  the  agent  in  water.     For  staining  purposes  this 
solution  may  be  diluted  from  three  to  five  times  with  water.    1.  Place 
the  section  in  the  diluted  stain  for  from  three  to  five  minutes ;  in  some 
instances  one  minute  will  suffice.    2.  Wash  in  water  for  a  few  minutes. 
3.  Dehydrate  the  sections  in  alcohol  of  95  per  cent,  strength.     If  the 
section  should  have  been  overstained  it  may  be  left  in  70  per  cent, 
strength  alcohol  until  the  excess  of  the  eosin  has  been  extracted.     One 
per  cent,  strength  eosin  in  90  per  cent,  strength  alcohol  may  also  be 
employed.     Stain  the  same  as  above  with  the  exception  that  the  speci- 
men is  transferred  from  the  stain  directly  to  alcohol. —  (J.  M.  B.) 
Eosinophile.     In  bacteriology  and  histology  this  term  is  applied  to 
microbes  or  histologic  elements  showing  a  peculiar  affinity  for  eosin- 
stain.     See  Bacteriology  of  the  eye. 
Epacme.     (F.)     Strength;  force. 
Epaississement.     (F.)     A  thickening. 
Epalpebratus.     (L.)     AVithout  eyelids. 
Epanastema.     (L.)     An  old  term  for  the  caruncle. 
Epanesis.     (L.)     A  remission  or  abatement  (of  a  disease). 
Epanouissement.     (F.)     The  branching  of  arteries. 
Epars.     (F.)     Scattered;  dispersed. 
Eperon.     (F.)     Folds  in  the  internal  coats  of  arteries. 
Ephedra  distachya.     (L.)     A  species  of  plant  whose  astringent  fruit 
and  aments  are  used  in  diarrhea  and  leucorrhea  and  occasionally  in 
conjunctivitis. 
Ephedra  vulgaris.    This  is  the  name  of  the  plant  from  which  the  mydri- 
atic alkaloid  ephedrin  is  obtained. 
Ephedrin.      CinH,-NO.      This   is   an    alkaloid   possessing   mydriatic 
powers  obtained  from  a  Japanese  plant.  Ephedra  vulgaris.     As  the 
hydrochloride  it  occurs  in  colorless,  crystalline  needles  easily  soluble 
in  water,  less  soluble  in  alcohol.    When  used  in  a  2  per  cent,  solution 
one  or  two  drops  j^roduces  almost  complete  mydriasis  in  a  normal  eye 
after  fifty  minutes.    The  pupillary  expansion  lasts  about  twelve  hours. 
It  produces  very  little  cyeloplegia  and  no  increase  of  tension.     Com- 
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bined  with  homatropin  it  forms  a  useful  mydriatic,  called  by  j\Ierck 
mydrin  (q.  v.).  (iroenouw  says  that  it  increases  sufficiently  the 
cycloplegic  qualit.y  of  homatropin  as  to  make  the  mixture  a  reliable 
cycloplegic  in  refraction  work.  He  uses  the  following:  Ephedrin. 
hydrochlor.,  1.0  gm. ;  Homatropin.,  0.01  gm. ;  Aqute  dest.  10.0  c.  c. 

Probably  the  cycloplegia  induced  by  this  mixture  is  mostly  due  to 
the  homatropin.  The  N.  D.  describes  the  mj^driasis  as  lasting  about 
as  long  as  that  produced  by  atropine ;  homatropin  must  have  been 
meant. 

Ephedrin.  (Pseudo-).  Pseudoephedrine.  This  alkaloid  must  not  be 
confused  with  ephedrin  (q.  v.)  ;  it  is  obtained  from  Ephedra  vulgaris 
and  is  found  as  colorless  crystals  insoluble  in  water.  The  hydrochloride 
forms  yellowish  crystals  quite  soluble  in  water  and  as  10  to  12  per  cent, 
solutions  acts  promptly  as  a  mydriatic  without  disturbance  of  accom- 
modation or  refraction, 

Epheliden  der  Lider.     (G.)     Freckles  of  the  lids. 

Ephelotes.     (L.)     An  ancient  name  for  corneal  leucoma. 

Ephialtes.  In  Greco-Roman  mythology,  one  of  the  giants  that  warred 
against  the  gods.  His  left  eye  was  destroyed  by  Apollo,  his  right  by 
Ilercnles.— (T.  H.'S.) 

Ephidrosis.  An  excessive  secretion  of  the  sudoriparous  glands  of  the 
upper  lid.  When  the  secretion  of  the  sweat  glands  is  excessive  it 
may  call  for  treatment.  For  example,  as  the  condition  is  sometimes 
due  to  a  spinal  affection,  that  should  be  first  considered.  The  local 
applications  indicated  in  these  cases  are  penciling  with  a  2  to  3  per 
cent,  of  nitrate  of  silver,  combined  with  the  use  of  a  simple  salve  con- 
taining glycerin. 

Ephidrosis  cruenta.    TIematidrosis.     Bloody  sweat. 

Epiblepharon.  A  name  given  by  von  Amnion  to  a  dystrophy  of  the 
lid-skin,  with  ptosis.    Also,  a  synonym  of  epicanthus. 

Epibulbar.  Resting  on.  or  overlying,  the  eyeball.  Situated  upon  the 
(■xtcrior  of  the  eyeball. 

Epibulbare  Geschwiilste.     (G.)     Tumors  of  the  eyeball. 

Epibulbar  tumors.     See  Tumors,  Epibulbar. 

Epicanthus.  Ijmcanttiis.  I']j)i(rin1hus  is  a  congenital  deformity  in 
which  M  fold  of  skin,  with  its  concavity  lateralwards,  extends  from  the 
side  of  the  nose  ;ind  partly  covers  the  inner  canthus.  A  similar  fold 
of  skin  at  the  outer  commissure  has  been  described  as  rxternal  rpi- 
ranthii. 

Tn  the  Mongolian  races  a  slight  degree  of  epicanthus  is  naturally 
present,  giving  to  these  people  their  characteristic  expression  about  the 
eyes.     Tn    the   Caucasian   race,   it    constitutes  a   deformity   that    may 
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require  operation  i'or  its  correction.  It  is  frequently  associated  with 
other  deformed  conditions,  such  as  ptosis,  ankyloblepharon,  convergent 
strabismus,  microiihthaliuus,  etc. 

The  condition  may  also  be  hereditary  and  has  been  reported  as 
occurring  in  several  generations  of  the  same  family.  See,  also, 
Cong-enital  anomalies. 

A  mild  degree  of  epicanthus  is  frequently  seen  in  young  children, 
which  may  be  regarded  as  temporary,  for  it  disappears  with  the 
development  of  the  bridge  of  the  nose.  It  is  unwise,  therefore,  to 
operate  on  very  young  persons,  or  until  it  has  been  made  clear  that 
the  condition  will  not  disappear  of  itself.  If  with  the  subsequent 
growth  of  the  child  the  condition  persists,  one  of  the  following  opera- 
tions for  its  correction  may  be  practised. 


von  Amnion's  Operation  for  Epicanthus.      (Ehinorraphy.) 
Fold  of  skin,  a,  b,  on  the  bridge  of  the  nose  removed,  and  the  wound  brought 
together  with  sutures.      (Eiicyclopedie  Frang.  d'Ophtal.,  A^ol.  IX.) 


The  fact  that  by  pinching  up  a  vertical  fold  of  skin  on  the  nose 
the  deformity  will  disappear  suggested  the  operation,  called  by  von 
Ammon  {Zeitschr.  f.  Ophthal.,  1831,  Vol.  I,  pt.  4,  p.  583;  also, 
Zeitschr.  f.  Augenheilk.  h.  CMrurgie,  1839,  Vol.  II,  p.  110)  "rhinor- 
raphy."  (See  the  figure.)  He  pinched  up  a  fold  of  skin  on  the  bridge 
of  the  nose  sufficient  to  uncover  the  inner  canthus.  marked  out  the  line 
of  incision  with  ink  and  then  excised  an  oval  piece  of  skin.  Von 
Ammon  brought  the  lips  of  the  wound  together  with  surgical  pins, 
around  which  were  placed  figure-of-eight  sutures,  but  in  place  of  these 
the  wound  can  be  directly  closed  with  silk  or  silk-worm-gut  sutures. 
The  resulting  scar  is  a  linear  one  and  not  very  noticeable  if  healing  by 
primary  union  follows. 

Knapp  (Archiv  f.  Augen.  v.  Ohrenheilk.,  Vol.  Ill,  1,  p.  59)  modified 
this  procedure  by  cutting  out  a  rhomboidal  or  diamond-shaped  piece 
of  skin ;  and,  to  facilitate  movement  of  the  skin  flaps,  he  undermined 
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them  in  order  to  have  less  tension  on  the  sutures  which  closed  the 
wound.  Further  support  was  given  by  the  use  of  a  collodion  dressing. 
Kuhnt  (Zeitschr.  f.  Augenheilk.,  1899,  Vol.  II,  p.  169)  modifies  the 
von  Ammon  method  in  the  following  manner :  He  marks  out  the  oval 
piece  of  skin  on  the  bridge  of  the  nose  and  forehead,  but  does  not 
excise  it,  merely  abrading  it  by  removing  the  superficial  layers  of  the 
skin  with  a  sharp  scalpel.  He  also  loosens  the  skin  flaps  from  the 
periosteum  by  a  subcutaneous  dissection,  to  enable  them  to  move  more 
freely,  and  then  brings  the  edges  of  the  abraded  area  together  with 
sutures.  In  this  way  the  skin  is  folded  on  itself,  thus  giving  a  fuller 
foi*m  to  the  bridge  of  the  nose.    To  prevent  the  sutures  from  cutting 


Desniarres'  0]!eration  for  Epifanthus. 
An  oval  j)iepe  of  skin,  a,  b,  is  excised  from  the  side  of  the  nose,  ami  the  ruiukI 
closed  with  sutures.      {Encyclopedic  Frang.  d'Ophtal.,  Vol.  IX.) 


out  before  union  has  taken  place,  several  silver  wires  are  placed  across 
at  the  base  of  the  wound,  to  reinforce  the  skin  sutures. 

Arlt  (Graefe-Saemisch  Handbnch  der  yesamtcn  Augcithcilk.,  Vol. 
Ill,  p.  448),  to  avoid  the  scar  on  the  l)ridge  of  the  nose  that  follows 
as  a  result  of  the  von  Ammon  method,  suggested  removing  a  rhom- 
boidal  or  diamond-shaped  piece  of  skin  from  the  side  of  the  nose  and 
the  fold  of  the  epicanthus.  The  long  axis  is  vertical  and  the  wound  is 
of  such  width  that  when  its  edges  are  brought  together  by  three  or 
four  sutures,  the  fold  can  be  drawn  from  the  iinici-  cantlius. 

Dcsmarres  {Traite  d'ophtalnwlogie,  p.  474)  followed  the  same 
method  of  excising  a  piece  of  skin  from  the  side  of  the  nose  and  the 
fold  itself.    He  romoved  an  oval  piece  of  skin,  witli  ils  long  axis  vertical 
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and  of  a  suitablt'  witUh,   uiiitiiio>   tlic  edges  with  sutures.      (See  the 
iigure.) 

Instead  of  excising  an  ellipse  of  skin  from  the  side  of  the  nose  Berger 
(Archives  cVOphtal,  1898,  Vol.  XVUl,  p.  458)  removes  a  piece  in 
form  somewhat  like  a  triangle,  with  its  base  toward  the  eye  and  broken 
by  a  re-entering  angle,  as  shown  in  the  accompanying  figure.  An 
incision  is  made  from  the  upper  part  of  the  fold  to  a  point  on  the  nose 
in  a  horizontal  line  with  the  inner  canthus.  This  is  joined  by  an 
incision  from  the  lower  part  of  the  fold  to  the  same  point  on  the  nose, 


Berger 's  Operation  for  Epicanthus. 
The  incision,  a,  b,  from  the  upper  part  of  the  fold  is  joined  by  incision,  c,  b. 
Two  other  incisions,  a,  d,  and  c,  d,  mark  out  the  area  of  skin,  a,  b,  c,  d,  which 
IS  then  excised.    The  defect  is  closed  by  sutures,  as  indicated. 


making  a  V-incision  with  its  apex  on  the  side  of  the  nose.  From 
the  ends  of  this  incision  two"  others  are  made  that  converge  at  greater 
angle  than  the  preceding,  and  thus  mark  out  a  trapezoidal  area  of 
skin,  a,  b,  c,  d,  which  is  then  excised.  When  opposite  points  of  this 
denuded  area  are  united  by  sutures,  the  fold  forming  the  epicanthus  is 
drawn  toward  the  nose.  In  this  way  the  center  of  the  fold  is  drawn 
upon  more  than  its  upper  and  lower  parts. 

The  account  of  this  procedure,  which  is  the  same  as  that  of  Berger, 
was  presented  at  the  Ninth  International  Congress  of  Ophthalmology 
held  at  Utrecht  in  1889. 
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The  operation  of  Berger  and  Wiclierkiewicz  {Congres  intcrnat. 
d'Oplital.  d'UtrccJit,  1899.  Comptes  rendus,  p.  583)  is  one  of  the  best 
for  this  deformity  since,  by  varying  the  length  of  the  incisions  and 
the  amount  of  tissue  excised,  the  fold  can  be  drawn  up  at  those  points 
where  it  is  most  needed.  The  resulting  scar  may  be  well  concealed 
by  the  mountings  of  a  spectacle  or  an  eye-glass. 


Rogman  's  Operation  for  Epieanthiis. 

Incisions,  1),  n,  ami  a.  i-,  mark  out  the  inverted  V-shaped  flaj),  x,  on  the  side  of 
tlio  nose. 

Tlie  lateral  incision,  a,  c,  is  ]irolonjied  to  the  edt;('  of  the  fold,  then  direided 
upward  on  tlie  ocular  i-u\o  of  it  (as  indicated  liy  tlie  (U)tted  line)  forniiuf;  an  erect 
V-shaped  fhi]),  y,  the  ai  e.x  of  which  is  at  c,  on  the  edj^e  of  the  folil. 

Fla[>s  X  and  y  are  tlien  transposed,  and  c  is  fixeil  at  b. 

Instead  of  excising  any  tissue  Rogman  {AnnaJes  (rOciillsl.,  1904, 
\'ol.  CXXXI,  p.  464)  transposes  tlajis  tliat  are  made  in  llic  told  of 
the  epicantlnis  in  tlic  following  mainiei':  Hetwei'ii  the  scmilunai"  bor- 
der of  the  fold  and  tlir  median  line  of  the  nose  a  cutaneous  flap  is  cut 
in  the  form  of  an  ijiverted  V.  (See  figure,  a).  The  lower  ends  of 
the  incisions  lliat   form   this  flai)  cxlcnd  downward   ationt   to  the  level 
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of  the  iutenial  aiigU'  of  the  lids.  Tlu'  latci-al  iiK-ision,  a,  c,  is  now 
l)rolonge(l  to  the  etlge  of  the  fold,  then  is  directed  upward  on  the 
ocular  side  of  it  in  such  a  nuunier  as  to  form  a  second  V-shaped  flap, 
the  apex  of  which  is  downward  in  this  case  and  at  a  point  on  the 
border  of  the  fold  of  the  epicanthus.  There  are  thus  marked  out  two 
flaps  X  and  y,  the  size  of  which  must  lie  ])roportioned  to  the  degree  of 
subtraction  of  the  skin  in  the  horizontal  line  that  will  be  necessary  to 
correct  the  deformity. 

After  these  flaps  have  been  sufHciently  freed  from  the  underlying 
tissues  they  are  transposed  and  flxed  in  place  with  small  sutures.  This 
brings  the  apex  of  flap  y  to  a  point  on  the  side  of  the  nose. 

The  advantages  claimed  for  this  operation  are  that  there  is  less 
tension  on  the  sutures,  so  that  primary  union  is  more  certainly 
obtained ;  and  that  the  effect  can  be  modified  at  the  time  of  operation 
by  trimming  the  flaps  more  or  less  as  may  be  found  necessary.  It  is 
also  said  to  be  more  suitable  for  ca.ses  of  cicatricial  epicanthus  than 
operations  of  the  von  Ammon  class. 

In  marked  forms  of  epicanthus  there  is  a  tightness  of  the  skin  over 
the  bridge  of  tlie  nose  that  is  thouglit  by  Foggin  to  be  a  factor  in 
preventing  proper  development  of  the  bones  of  this  part.  This  he 
relieves  by  the  following  procedure. 

Foggin's  operation  for  epicanthus — With  a  narrow  cataract  knife, 
the  tissues  on  either  side  of  the  nose  are  separated  from  the  periosteum 
subcutaneously,  the  knife  entering  the  skin  at  a  point  above  the  bridge 
of  the  nose  and  between  the  eyebrows.  This  subcutaneous  dissection 
is  done  sufficiently  to  allow  a  fold  of  skin  to  be  drawn  up  to  form  a 
considerable  nosebridge.  Sutures  are  then  passed  through  this  fold, 
from  side  to  side,  and  tied  in  the  holes  of  specially-shaped  lead  plates 
that  fit  on  the  sides  of  the  nose  and  thus  hold  up  the  fold  of  skin  that 
forms  the  new  bridge  until  it  has  become  fixed. 

Within  recent  years  many  operators  have  abandoned  operations  of 

this  class  to  make  use  of  subcutaneous  injections  of  hard  paraffin  for 

the  correction  of  epicanthus,  as  w^ell  as  of  other  deformities  of  the  nose. 

—  (W.  H.  W.) 

Epicanto.     (It.)     Epicanthus. 

Epicauma.     (L.)      (Obs.)     A  caustic  ;  a  superficial  burn  ;  a  phlyctenule 

of  the  cornea ;  a  gangrenous  inflammation  of  the  eyelids. 
Epicaume.     (F.)     Phlyctenule  on  the  cornea. 

Epichnus.     (L.)     An  ancient  term  applied  by  Hippocrates  to  a  wool- 
like accumulation  on  the  eye. 
Epiccelides.      (L.)     An  old  term  for  the  upper  eyelid,  and  afterwards 
for  the  eyelashes. 
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Epicranial.  Pertaining  to  the  epicranium  or  tiie  upper  part  of  the 
skull. 

Epicrasis.     (L.)     An  old  term  for  alterative  treatment. 

Epicrisis.  (L.)  A  conclusion  as  to  the  character,  probable  termina- 
tion, etc.,  of  a  disease ;  concluding  critical  remarks  in  a  clinical  history 
or  an  essay. 

Epicritic  nerves.  A  term  applied  by  Head  {Brain,  Vol.  29,  1906)  to  a 
certain  class  of  sensory  nerves. 

Epicurus.  The  founder  of  the  Epicurean  school  of  philosophy,  and 
a  speculator  concerning  vision  and  the  nature  of  light.  He  was  born 
in  342  or  341  B.  C.  His  early  years  were  passed  at  Samos  and  at  Teos. 
He  taught  for  a  short  time  at  Mitylene  and  Lampsacus,  then  for  thirty- 
six  years  at  Athens. 

His  theory  of  vision  was  that  rays  of  light  proceed  from  the  eye 
(not  the  object)  and,  securing  visual  information,  return  therewith  to 
the  crystalline  lens.  Here  the  * '  soul ' '  was  supposed  to  receive  the  infor- 
mation.—(T.  H.  S.) 

Epicylis.     Ei'Icylu'm.     (L.)     An  upper  eyelid. 

Epidemic  conjunctivitis.  Epidemic  ophthalmia.  This  term  is  generally 
applied  to  the  Koch-Weeks  conjunctivitis  or  "pink-eye."  See  page 
308i),  Vol.  4,  of  this  Encyclopedia;  also,  Bacteriology  of  the  eye. 

Epidemie.     (P.)     Epidemic. 

Epidermic  grafts.  This  term  is  generally  applied  to  Reverdin's  meth- 
od of  skin-grafting,  an  account  of  which  is  given  undei"  Blepharo- 
plasty. 

Epidermoid  cysts.  This  term  is  generally  ap})lied  to  formations  in 
the  iris.  They  have  the  appearance  of  small  seed-pearls,  grow  very 
slowly  and  may  oi-iginate  in  any  part  of  the  iris.  See  Tumors  of 
the  eye ;  as  well  as  Iris,  Cysts  of  the. 

Epidermolysis  bullosa,  Ocular  lesions  of.  This  rare  disease  is  occa- 
sionally associated  with  i'\e  symptuiiis.  A  case  is  described  by  de 
Schweinitz  (Sec.  on  Oph.,  Coll.  Phys.,  PJiila.,  Feb.  1913)  in  a  man  fifty 
years  of  age,  who  for  sixteen  years  had  Ix'cn  subject  to  attacks  of  bleb 
formation  in  the  right  eye,  always  appearing  in  the  early  morning  and 
lasting  several  hours.  There  may  have  been  some  dependence  on  an 
ethmoiditis  in  this  case.  The  writer  compared  the  cliange  in  the  form 
of  the  basal  cells  as  a  determining  factor  in  the  loosening  of  the  epithe- 
lieum  from  Bowman 's  membrane,  following  a  probable  local  irritation 
and  forcing  ])eneatli  it  of  fin  id.  to  tlir  I'liangcs  I'Diind  in  tiic  skin  lesions 
of  this  disease,  where  there  is  a  (Icgcncratioii.  detachiiig  the  loo.sely 
fastened  rete,  thus  giving  rise  to  l)Ieb  formation.  Treatment  was 
nnsatisfactorv. 
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Epidiascope.  A  projection  api);ii"atus  arranged  for  ordinary  lantern 
slides,  ami  also  for  opa([ne  objects;  a  combined  magic  lantern  and 
episco[)e. 

Epilation.  The  act  of  extracting  hairs  by  the  roots.  This  procedure  is 
generally  employed  to  remove  "wild"  or  abnormally  placed  eyelashes 
the  result  of  trachoma,  after  operations  on  or  injury  to  the  lid  edges, 
etc.  The  misplaced  hairs  are  sometimes  so  fine  and  so  light-colored 
that  a  careful  search  with  good  illumination  and  the  aid  of  a  lens  is 
necessary  to  discover  them.  If  epilation  is  practised  the  hair  is  seized 
near  its  base  with  cilia  forceps  and  gently  drawn  (not  jerked)  in  the 
direction  of  the  shaft.  Cilia  forceps,  as  manufactured  by  most  instru- 
ment makers,  are  ordinarily  very  imperfect,  and  many  of  them  are 
quite  useless  for  the  purpose  for  which  they  are  intended.  The 
opposing  surfaces  at  the  ends  of  the  blades  should  come  into  perfect 
apposition,  otherwise  fine  hairs  will  not  be  caught.  In  selecting  such 
an  instrument  one  should  subject  it  to  the  test  of  holding  it  up  to  a 
light  with  the  blades  closed,  and  noting  whether  any  light  can  be 
seen  between  the  apposed  surfaces  at  the  ends  of  the  blades.  Too 
frequently  it  will  be  found  that  the  surfaces  come  into  actual  contact 
at  one  small  point  only. 

Even  after  proper  epilation,  however,  it  is  only  a  matter  of  time 
until  the  hairs  grow  again,  so  that  it  is  much  better  to  destroy  the  hair 
follicles  by  means  of  electrolysis  (q.  v.). 

Epilepsy,  Ocular  relations  of.  According  to  D'Orsay  Hecht  (Wood's 
System  of  Ophthalmic  Therapeutics,  p.  359)  the  symptoms  arising  in 
the  course  of  an  epileptic  attack  have  to  do  with  abnormal  changes  in 
consciousness  and  motility.  This  being  true,  the  clinical  maaiifestations 
are  of  necessity  either  mental  or  physical,  or  both.  Their  wide  range 
and  great  variability  make  it  difficult  and  on  the  whole  unsatisfactory 
to  formulate  a  brief  or  accurate  definition  of  the  disease,  but  the  one 
suggested  by  Spratling  seems  very  acceptable :  ' '  Epilepsy  is  a  disease 
or  disorder  afl^ecting  the  brain,  characterized  by  recurrent  paroxysms, 
which  are  abrupt  in  appearance,  variable  in  duration,  but  generally 
short,  and  in  which  there  is  impairment  or  loss  of  consciousness, 
together  with  impairment  or  loss  of  motor  co-ordination  with  or  without 
convulsions. ' ' 

The  ocular  symptoms  of  epilepsy  are  manifest  (1)  as  a  part  or 
whole  of  an  aura,  when  they  are  purely  visual  and  entirely  subjective; 
(2)  during  the  first  stage  of  the  fit,  when  we  note  variable  forced 
deviations  of  the  eyes  and  transitory  pupillary  changes;  (3)  in  a  post- 
convulsive period  there  may  appear  conjunctival  hemorrhages;  (4) 
strabismus,  nystagmus  and  diplopia  are  reported  as  occasional  sequelfe. 
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Conceding-  the  undoubted  influence  of  heredity  in  the  transmission 
of  epilepsy,  the  physician  is  not  infrequently  called  upon  to  advise  as 
to  the  feasibility  of  marriage  where  one  of  the  contracting  parties  is 
epileptic  or  is  known  to  have  had  epileptic  antecedents.  The  particular 
emotions  that  find  their  best  solution  in  matrimony  are  usually  too 
intense  to  be  dominated  by  much  medical  guidance,  but  it  is  none  the 
less  incumbent  upon  a  conscientious  physician  to  discourage  such 
marriages.  The  marital  relation  of  epileptics  cannot  of  itself  be  said 
to  modify  the  type  or  course  of  the  disease,  but  in  the  matter  of  pro- 
creation the  danger  lies,  and  who  that  has  seen  the  blight  of  epilepsy 
upon  a  child  would  sanction  a  union  in  which  distinct  heredity  is 
acknowledged  to  and  evident?  It  is  not  easy,  however,  to  give  advice 
to  that  class  of  cases  in  which  epileptic  or  epileptoid  phenomena  have 
occurred  somewhat  later  than  in  the  infantile  period,  in  the  absence 
of  referable  cause  or  hereditary  taint.  Here,  after  a  careful  survey 
of  the  facts  and  a  frank  statement  by  the  physician  of  the  possibilities 
(however  remote),  the  final  disposition  must  rest  entirely  with  those 
chiefly  interested.  Neither  the  wisdom  nor  justice  of  such  legislation 
as  has  been  enacted  for  the  control  of  epilepsy  need  receive  comment 
here. 

The  prompt  recognition  of  the  mental,  moral  and  physical  needs  of 
the  neuropathic  child  and  the  institution  of  such  medico-pedagogic 
measures  as  will  toughen  its  physical  and  psychic  fiber  is  a  firm  step 
made  in  the  direction  of  effective  prophylaxis.  A  predisposed  child 
should  not  be  made  to  enter  school  or  embrace  any  competitive  oppor- 
tunities until  quite  equal  to  tlie  exertions  requisite  thereto.  A  com- 
bination of  school  and  sanatoi'ium  in  a  quiet,  rural  environment,  where 
selective  study  and  an  equable  division  of  work  and  play  (especially 
outdoor)  is  planned,  should  prove  most  beneficial  for  neuro-  or  psycho- 
pathic types.  Esi)eeially  desirable  is  it  to  tide  such  a  child  well  over 
the  trying  period  of  pubescence.  After  that,  good  hygiene  and  a  wise 
general  supervision  in  the  adolescent  years  will  accomplish  mucli. 

The  convulsive  seizure  of  infants,  so  readily  ascribed  to  teething, 
intestinal  worms  or  "mere  fever,"  is  all  too  lightly  regarded  and 
inadequately  treated  at  the  time  of  first  occurrence.  "  I  incline,"  says 
Ilecht,  "to  tlie  belief  that  it  required  l)ut  very  little  irritation  to  a 
supersensitive  or  supcrcxcitablc  group  of  cerel)ral  coi-tical  cells,  to 
promptly  e.stablish  a  tendency  to  convulsions  wliicli  in  later  years 
l)ecome  frankly  ei)ile|)tic.  The  timely  exhibition  (at  the  occurrence 
of  the  tirst  seizure  in  infancy)  of  very  small  doses  of  sodium  bromide. 
gr.  i  to  ii,  with  or  without  chloral,  gr.  i,  in  emulsion,  given  i)er  rectum, 
and  repeated  for  some  days  at  a  time,  may  do  much  to  avefl  subse(|uent 
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cerebral  explosions.  Better  therapeutic  observance  of  night  terrors, 
bed-wetting,  fits  of  uncontrolled  temper,  and  perverse  headaches  will 
also  reduce  the  incidence  favoring  later  epilepsy. 

"The  mental  and  physical  development  of  an  epileptic  should  not 
be  undertaken  contingent  upon  epilepsy  per  se,  as  is  so  often  the  case, 
but  upon  the  individual  who  has  epilepsy  in  one  or  another  form  and 
degree.  Instruction  and  exercise  must  not  be  denied  him  on  general 
principle,  but  be  nicely  proportioned  and  so  adjusted  as  to  meet  his 
capacity  as  an  individual  epileptic.  Too  often  is  the  epileptic  asked 
to  conform  to  general  advice  and  told  indifferently  to  live  a  life  of  so 
and  so.  Not  sufficient  regard  is  shown  for  those  personal  attributes  of 
mind  and  body,  which,  when  painstakingly  directed,  enable  the  sufferer 
to  pursue  a  day's  work  with  greater  happiness  to  self  and  better 
service  to  the  community  at  large.  Educate  epileptics  according  to 
their  mental  qualifications  and  physical  powers,  providing  them  with 
graded  instruction  that  is  manual,  rather  than  purely  intellectual,  in 
well  equipped  special  institutions,  or  arrange  for  their  private  tuition. 
In  the  early  stages  of  this  disease  mentality  is  hardly  ever  disturbed, 
much  less  impaired,  hence  asylum  treatment  is  to  be  discountenanced. 
If  confinement  be  at  all  desirable,  special  hospital  wards,  set  aside 
for  epileptic  cases  only,  should  be  provided.  This  method  of  treating 
in  seclusion  the  early  and  advanced  cases  alike  has  proven  very  satis- 
factory and  led  to  a  now  quite  universally  approved  and  adopted  plan 
of  outdoor  colonization  for  the  epileptic.  A  systematic  outdoor  life, 
giving  preference  to  light,  open  air  occupation,  together  with  enough 
study  and  reading  to  avert  mental  sluggishness,  is  what  epileptics  most 
need  and  should  have. 

"The  food  prescribed  for  epileptics  should  fulfill  the  conditions  of 
being  non-irritating,  easily  digestible  and  nutritious,  but  in  all  other 
respects  adapted  to  the  particular  needs  of  the  individual  patient. 
There  are  those  who  have  seen  fit  to  advocate  a  rigid  vegetarian  diet, 
deprecating  meat  of  all  kinds,  while  others  again  suggest  meat  in 
great  moderation  and  altogether  interdict  red  meat.  I  have  not  been 
able  to  note  the  favorable  influence  of  specialization  in  diet. 

"The  success  with  which  food  is  assimilated  depends  quite  as  much 
upon  the  quantity  as  the  quality  of  the  meal,  hence  moderation  in  eat- 
ing is  of  great  importance.  Patients  must  avoid  alcohol  in  any  form 
and  take  coffee  or  tea  but  sparingly.  Tobacco  in  moderation  does 
no  harm.  Constipation  is  to  be  avoided.  When  the  occurrence  of 
epileptic  phenomena  can  be  brought  into  direct  causal  relation  with 
some  underlying  pathology,  such  as  l)rain  syphilis,  tumor  or  cerebral 
arteriosclerosis,  these  conditions  then  require  appropriate  treatment 
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before  one  may  hope  to  control  the  seizures.  L'n fortunately,  the  sources 
of  epilepsy  coiumonly  referred  to  as  peripheral  are  not  discovered,  and 
the  treatment  from  beginning  to  end  remains  purely  sympcomatic. 

"The  neurologic  version  of  the  relation  of  eye  strain  to  epilepsy  is 
quite  at  variance  with  the  one  firmly  held  to  by  some  ophthalmologists. 
Gould  has  written  extensively  in  support  of  his  lielief  that  epilepsy 
is  not  infrequently  cured  by  the  relief  of  eye  strain,  accomplished 
with  properly  fitting  glasses.  Ranney  and  Stevens,  also  impressed  with 
the  factor  of  eye  strain,  believe  that  muscle  imbalance  corrected  by 
operation,  cures  epilepsy.  The  report  of  a  most  careful  and  scientific 
investigation  made  by  ( iould  and  Bennett,  on  78  epileptics  at  the  Craig 
Colony,  in  1902,  to  ascertain  the  facts  is  interesting,  but  it  is  recorded 
that  no  relief  followed.  The  premises  for  the  experiments  were  most 
favorable.  The  diagnoses  were  made  by  Gould  and  Bennett,  the  glasses 
carefully  fitted  by  an  expert  optician,  and  the  cases  subsequently 
observed  daily  by  a  physician,  who  could  reassure  himself  that  the 
glasses  were  constantly  worn.  A  record  of  all  epileptic  attacks  occur- 
ring day  and  night  in  these  Cases  was  kept  for  one  year,  and  it  is  con- 
clusively proven  from  this  series  that  the  31  males  who  had  766 
seizures  during  three  months  prior  to  wearing  glasses  had  765  in  the 
first  three  months  after,  and  1,332  during  the  first  six  months  after ; 
that  in  similar  intervals  33  females  had  670  before,  and  592  and  1,426 
attacks  respectively  after.  The  negative  character  of  the  results  em- 
bodied in  this  tabulated  report  would  tend  to  discredit  any  theory  that 
eye  strain  could  initiate  or  by  its  presence  aggi*avate  epileptic  seizures. 

"Since  tlieir  introduction  some  fifty  years  ago  the  bromides  in  one 
combination  or  another  have  been  a  sovereign  remedy  for  the  control 
of  the  epileptic  fit.  In  the  majority  of  case-s,  either  potassium,  .sodium, 
strontium,  ammonium  bromide  singly  or  together,  are  capable  of 
diminishing  the  seizures  in  frequency  and  intensity-,  but  there  is  very 
little  likelihood  of  their  complete  arrest.  To  achieve  results  with 
bromides,  they  must  be  taken  in  adequate  doses  for  a  continuous  period 
of  time,  and  then  at  flic  risk  of  developing  symptoms  of  bromism,  viz., 
widespread  acne  and  marked  cerebral  depression.  It  is  well  to  lie  con- 
servative in  prescribing  the  initial  dose  of  bromide,  being  careful  to 
test  it  out  and  give  no  more  than  is  needed  to  control  the  attacks.  Tlir 
best  time  for  administration  will  depend  largely  upon  tbe  pci-iodicily 
of  attacks.  Bromides  are  best  taken  an  hour  aflfr  meals,  with  large 
dilutions  of  water.  Observation  in  each  case  will  alone  determine  llie 
dosage,  which  in  adults  may  vary  from  fift<'rn  gr;iins  to  sixty  gi-ains, 
three  times  daily,  but  it  is  higidy  improbable  llial  lliese  doses  can  l)e 
maintained  without  evidence  of  bromism. 
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"The  prcvtMition  ol*  hroniisni  is  desirable,  and  to  this  end  active 
eliniiuation  tlii'ougli  kidneys,  bowels  and  skin  is  encouraged.  Liquor 
potassi  arsenitis  (Fowler's  solution),  two  to  five  drops,  added  to  each 
dose  of  bromide,  will  lessen  the  liability  to  the  widespread  acneiform 
skin  eruption.  During  an  attack,  the  patient,  if  he  has  fallen  in  an 
uncomfortable  or  dangerous  position,  should  be  moved  to  safety,  and 
all  neck  clothing  opened  or  removed  to  allow  of  free  breathing.  A 
cork,  clothespin  or  knotted  corner  of  a  handkerchief  may  be  shoved 
between  the  upper  and  lower  teeth  to  prevent  repeated  tongue  biting 
incidental  to  the  clouic  stage.  Especially  in  the  nocturnal  types  of 
epilepsy,  when  the  force  of  a  convulsion  turns  the  patient  face  down- 
ward in  the  pillows,  must  suffocation  be  averted  by  the  prompt  inter- 
vention of  someone  near  at  hand.  For  status  epilepticus  inhalations 
of  chloroform  to  the  anesthetic  degree  are  indicated. 

"The  opium  treatment  for  'fits'  is  as  old  as  Paracelsus,  but  had 
been  abandoned  these  many  years,  until  Flechsig,  in  1893,  reintro- 
duced it  in  combination  with  bromides,  to  be  given  in  chronic  cases, 
where  bromide  alone  had  failed.  The  plan  is  to  mildly  narcotize  the 
patient  for  a  month  or  so,  beginning  with  small  doses  of  opium,  and 
increasing  the  same  gradually  until  fifteen  grains  are  taken  daily.  The 
sudden  withdrawal  of  opium  at  this  point,  substituting  120  grains  of 
bromide  daily  for  two  months,  and  gradually  reducing  that  dose  to 
twenty  or  thirty  grains,  constitutes  Flechsig 's  method  of  administra 
tion.  The  majority  of  observers  who  have  given  this  measure  extended 
trial  do  not  regard  it  with  much  favor.  Borax  (sodium  borate)  has 
been  extensively  employed  by  some,  because  of  Gower's  recommenda- 
tion. In  doses  of  from  10  to  30  grains,  t.  i.  d.,  it  may  reduce  the  number 
of  seizures  in  a  few  cases. 

"Occasionally,  in  the  senile  or  arterio-sclerotic  cases,  nitroglycer- 
ine, gr.  1-100,  taken  several  times  daily,  is  of  service  in  lessening  the 
attacks.  It  is  hardly  necessary  to  more  than  mention  amylene  hydrate, 
chloral,  chloretone,  tincture  of  belladonna,  urethan,  simulo  and  solanum 
carolinense  among  the  many  preparations  that  have  been  enlisted  in 
the  service  of  controlling  epilepsy,  and  are  of  very  doubtful  value. 
It  is  premature  to  say  much  of  the  prospect  of  serotherapy  in  this 
disease,  but  thus  far  the  results  have  been  disappointing. 

"There  is  no  field  for  surgery  in  cases  of  essential  epilepsy,  nor 
have  the  prophecies  concerning  surgical  achievement  in  the  cases  with 
a  local  exciting  cause  been  fulfilled.  In  some  traumatic  cases  where  a 
sharply  circumscribed  lesion  from  depressed  fracture  or  hemorrhage 
can  be  early  diagnosed,  prompt  surgical  interference  may  bring  about 
the  cessation  of  convulsions.    When  epilepsy  is  associated  with  irrita- 
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tion  referable  to  the  nasopharynx,  eyes  or  ears,  local  improvement  may 
ameliorate  the  symptoms,  but  tampering  with  normal  ovaries,  or  per- 
forming hysterectomies,  and  maltreating  the  pelvic  viscera  and  geni- 
talia in  general  in  a  vain  endeavor  to  cure  epilepsy,  are  practices  of 
which  too  much  cannot  be  said  in  condemnation.  The  Jacksonian  or 
symptomatic  types  of  epilepsy,  in  which  the  etiology,  focal  symptoms 
and  seizures  point  to  some  gi-oss,  circumscribed,  accessible  brain  lesion, 
are  regarded  as  suitable  for  surgical  intervention,  but  it  cannot  be  said 
that  the  results  of  operation  are  any  too  favorable.  When  a  meningeal 
hemorrhage  has  occurred  in  a  child,  resulting  in  the  cerebral  type  of 
palsy,  the  immediate  exposure  and  removal  of  a  circumscribed  clot 
may  perhaps  prevent  a  subsequent  palsy  and  seizure,  but  if  scar  tissue 
once  has  formed,  it  seems  quite  improbable  that  it  can  be  (ixeised  with- 
out replacing  it  with  an  artificial  (operative)  scar,  but  little  less 
inclined  to  cause  convulsions  than  the  original  one." 

According  to  Ball  {Modern  Ophthalmology,  p.  789)  this  disease  has 
no  characteristic  eye-symptoms,  although  few,  if  any,  attacks  of 
epileptic  convulsions  are  unaccompanied  by  them  more  or  less.  The 
most  frequent  is  visual  aura — a  subjective  symptom  elicited  from  tiie 
patient.  He  may  describe  it  as  a  sensation  of  light,  color,  flames,  or 
flashes.  Visual  aura  is  strongly  indicative  of  organic  trouble  in  the 
occipital  lobe,  especially  if  homonymous.  Conjugate  lateral  deviation  of 
the  eyes  to  the  opposite  side  of  the  body  from  that  in  which  the  con- 
vulsive movements  began  may  occur  at  the  beginning  of  an  attack. 
The  head  inclines  in  the  same  direction.  Later  the  eyes  turn  strongly 
in  the  opposite  direction. 

The  action  of  the  pupils  during  an  attack  is  varied.  They  may  be 
strongly  contracted  or  widely  dilated,  or  they  may  be  both  during  the 
same  attack.  A  rapidly  changing  pupil  after  an  attack  of  unrecognized 
nature  is  diagnostic  of  epilepsy,  llippus  has  been  observed.  The 
ophtbalmoscopic  appearance  of  the  fundus  during  a  convulsion  may  be 
iioi-mal,  or  there  may  be  extreme  pallor  of  the  disc  with  contraction  of 
the  vessels,  or  hyperemia  of  the  disc  witli  dihition  of  the  vessels.  Fol- 
lowing the  convulsion  there  is  often  a  transient  concentric  nan-owing 
of  the  field  of  vision  and  lowered  acuity  of  vision.  'I'lic  coiiti-aclion  of 
the  field  of  vision  may  Ix'come  permanent  after  rei)eated  attacks. 

Sul)conjunctival  ecchymosis  and  opacity  of  tbe  lens  or  comi)lete 
cataract  following  an  epileptic  seizure  are  to  be  i-egai-dcd  as  accidents 
rather  than  as  symptoms  of  the  disease. 

We  bave  been  considei-ing  epilepsy  and  ils  ocular  s\  iii|>1(tiiis  as  of 
organic  oi'i<riii,  bul  it  should  also  he  considei'ed  as  a  i-dlex  |)heiioiiieiioii 
due  to  an   iri'itation  the  seat  of  which   may  be  in   the  eye  itself.     .\n 
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error  of  refraction,  especially  one  of  high  degi'ee,  or  inueh  astigmatism 
is  sometimes  the  cause,  and  its  correction  may  prevent  or  ameliorate 
the  attacks.  lu  the  same  manner  the  correction  of  muscular  insufficien- 
cies by  advancements  and  tenotomies  has  effected  cures,  but  the  results 
have  not  been  as  brilliant  as  could  be  reasonably  expected. 

The  eyes  of  epileptics  have  been  studied  by  Kodiet,  Pansier  and  Cans 
{Rec.  d'OpJital.,  March,  April,  1908),  who  find  the  permanent  disturb- 
ances to  be :  pallor  of  the  optic  disk  and  retina,  probably  anemic ; 
passive  venous  congestion  of  the  fundus  with  a  pale  disk ;  often  intense 
blackish  pigmentation  of  retina  and  choroid ;  irregular  contraction  of 
the  visual  field ;  and,  in  cases  of  long  duration,  with  frequently  occur- 
ring attacks,  optic  neuritis  or  advanced  gray  atrophy.  At  the  close 
of  an  attack  there  is  likely  to  be  corneal  anesthesia  and  dilated  pupils. 
Rodiet  and  Bricka  {Rec.  cVOphtal.,  September,  1908)  report  their 
observations  on  2  cases  of  Jacksonian  epilepsy,  one  showing  optic 
atrophy  due  to  meningitis,  the  other  choked  disk  due  to  gumma. 

Hubbell  {Trans.  Sec.  on  Ophth.,  A.  M.  A.,  1908)  made  a  study  of 
the  relation  of  so-called  ophthalmic  migrain  to  epilepsy.  Among  more 
than  1,500  patients  who  suffered  from  migrain,  careful  questioning 
showed  not  one  that  had  manifested  epilepsy,  or  knew  of  its  existence, 
either  in  ancestors  or  descendants.  In  the  few  epileptics  subject  to 
migrain,  the  attacks  are  entirely  separate  and  independent,  and  the 
coexistence  of  the  two  diseases  in  a  few  patients  does  not  prove  a 
pathologic  kinship. 

A  case  is  reported  in  which  visual  hallucinations,  followed  at  times 
by  epileptic  seizures,  was  relieved  ]\y  the  correction  of  myopia  with 
astigmia,  with  careful  attention  to  hygiene  and  general  treatment. 
Nearly  ten  years  after  the  disappearance  of  the  symptoms,  the  patient 
continued  well,  and  hard  at  work  in  his  profession,  the  law. 

Hodskins  and  ]\loore  {Jour.  Ophfkal  and  Oto-Laryngol.,  May,  1908) 
reviewed  earlier  statistics  bearing  on  the  connection  of  eye-strain  with 
epilepsy,  and  report  the  results  of  keeping  88  epileptics  completely 
under  the  influence  of  atropin  for  one  month,  and  comparing  the  aver- 
age of  seizures  during  that  month  with  those  of  the  four  months  pre- 
ceding and  the  month  following,  when  not  under  a  cycloplegic.  The 
average  for  the  maximum  month  was  19.6,  for  the  minimum  month  6.1, 
for  an  average  month  13.2,  and  for  the  month  under  atropin  12.6  per 
patient.  They  "firmly  believe  that  the  role  played  by  ocular  defects 
in  the  causation  of  epilepsy  is  a  very  modest  one. ' ' 

Kinderman  {Klin.  Monatshl.  f.  Augenh.,  ]\Iarch,  1909,  p.  333)  reports 
a  case  where  three  years  after  the  removal  of  an  eye  for  pain,  a  man 
developed  epilepsy  with  visual  aura.     The  stump  of  the  nerve  was 
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excised  and  a  small  piece  of  the  sclera  and  choroid  were  found  attached 
thereto.  The  attacks  soon  ceased  permanently.  The  explanation 
offered  is,  that  the  epileptic  attacks  originated  in  irritation  of  a  retained 
piece  of  retina,  thus  resemhling  cortical  epilepsy. 

E.  R.  Xeeper  reported  {Atmals  of  Ophthalmologu,  p.  620,  July, 
1912)  the  case  of  a  man  who  had  been  subject  to  attacks  of  grand  mat 
about  thrice  weekly,  and  who  had  been  free  from  attacks  so  far  for 
six  weeks  since  receiving  his  refractive  correction,  with  the  exception 
of  a  slight  seizure  on  the  night  of  the  day  when  he  tirst  wore  the  glasses. 
Twenty-two  years  previously  he  had  been  unconscious  for  several  days 
after  being  struck  with  lightning.  There  had  been  attacks  of  vertigo 
for  some  time,  after  which  no  trouble  was  experienced  till  about  four 
years  ago,  when  the  vertigo  reappeared,  occurring  about  once  a  month 
for  a  year.  Later  he  fell  on  the  street  with  the  attacks  of  vertigo,  and 
still  later  symptoms  of  petit  mal  appeared,  to  be  followed  by  the  liabil- 
ity to  complete  epileptic  fits.  The  eyegrounds  were  normal,  and  the 
correction  was  about  -f  1.25  D.  sph.  ~  0.75  D.  cyl.  with  tlie  rule  in 
each  eye.    The  patient's  mentality  appeared  to  be  normal. 

Epilepsy,  Retinal.  Epilepsy  of  the  retina  is  a  term  applied  by  Ilughl- 
ings  Jackson  to  a  condition  of  arterial  spasm  which  occurs  during 
epileptic  attacks.  He  lias  seen  the  retinal  blood-vessels  suddenly  dis- 
appear while  the  fundus  was  being  examined  ophthalmoscopically  at 
the  time  of  the  seizure. 

Parsons  believes  that  the  so-called  retinal  epilepsy  is  probalily  a 
complicated  condition  in  which  papillitis  with  distention  of  the  retinal 
vessels  plays  a  part.  ^ 

Epileur.  Epileuse.  (F.)  An  attendant  in  a  bathing  establishment 
\\  ho  extracts  superfluous  hairs. 

Epimelium.     (L.)      (Obs.)     A  fatty  tumor. 

Epinephrin.  This  drug  is  a  suprarenal  gland  derivative,  resembling 
adrciijilinc.  Tlie  hydrate,  under  the  trade  name  of  adrin  (([.  v.),  is 
employed  in  the  same  manner  and  in  Ihc  same  dosage  as  suprarenin, 
suprarenaline  and  other  adrenal  extractives  as  a  vaso-constrictor  and 
hemostatic. 

Epinephrin  hydrate.    See  Adrin. 

Epineurium.  (L.)  A  name  suggested  by  Key  and  Retzius  for  llic 
general  cdutiei-t i\'e  tissue  of  a  nerve,  exclusive  of  the  perineurium  ;\\\i\ 
eiidoneiii'iiiin. 

Epinine.  Syntliciicjil  sui)rarena]ine,  i-eeoiiiiiieiided  t'oi-  injections  in 
conjunct  ion  witli   cocjiiii   in  operations  on  tlie  lids. 

Epiocular.      i'j'iiui.i;  \ir     Situated  on  the  sncface  of  tiie  eyeball. 

Epione.      (I'\)      Any  nincous  membrane. 
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Epiopticon.  Tn  biology,  a  ganglionic  swelling  in  the  optic  nerve  of  in- 
sects (Iliclvsoii). 

Epiphanin  reaction.  A  test  for  the  detection  of  toxic  agents  in  certain 
forms  of  intraocular  disease.  For  example  Kiimmel  (Graefe's  Archiv 
/.  Ophth.,  Vol.  84,  p.  440,  1912)  has  reported  the  examination  of  the 
serum  of  ten  eases  of  sympathetic  ophthalmia  and  plastic  uveitis  by 
means  of  the  epiphanin  reaction  with  about  30  per  cent,  positive  results, 
independent  of  the  character  of  tlie  disease.  Various  normal  eyes  also 
gave  positive  results.  Although  he  used  better  methods  for  preserving 
his  serum  antigens,  still  further  refinements  are  necessary  for  the  clini- 
cal success  of  the  epiphanin  reaction.  Of  further  serological  experi- 
ments— one  injection  of  uveal  tissue  into  the  vitreous  produced  but 
little  reaction,  whereas  a  second  injection  resulted  in  a  severe  uveitis. 
A  third  injection,  made  intravenously,  produced  a  very  severe  uveitis 
of  about  five  days'  duration,  even  though  the  eye  had  been  quiet  pre- 
viously for  months.  Repeated  injections,  however,  caused  no  further 
trouble. 

Epiphora.  This  symptom  is  characterized  by  an  overflow  of  tears.  It 
is  commonly  diflPerentiated  from  lachrymation  by  the  fact  that  the  latter 
is  a  more  active  condition,  usually  associated  with  inflammatory  condi- 
tions or  some  irritation  in  the  neighborhood  of  the  lachrymal  apparatus. 
Although  a  sign  of  many  dissociated  diseases  it  is  a  most  troublesome 
symptom  and  one  that  often  calls  loudly  for  relief.  It  is  commonly 
associated  with  stenosis  of  the  lachrymo-nasal  duct  and  dacryocystitis. 

A  proper  study  of  this  symptom  can  only  be  made  in  connection 
with  diseases  of  the  lachrymal  apparatus.  However,  a  few  references 
to  it  per  sc,  are  given  here. 

Epiphora  may  be  produced  mechanically  and  reflexly  through 
changes  in  the  nose.  Among  the  diseases  that  act  mechanically  are 
hypertrophies,  crusts  of  dried  up  secretions,  polyps,  etc.;  these  act  by 
obstructing  the  naso-laehrymal  canal.  When  the  inferior  turbinal  is 
closely  attached  to  the  concave  wall  of  the  lower  meatus  of  the  nose, 
the  latter  becomes  very  narrow  and  is  easily  obstructed  by  any  swelling 
of  the  mucous  membrane. 

In  quitf  a  number  of  cases  of  epiphora  Meyer  {Berlin  Klin.  Woclien., 
p.  751,  1906)  has  observed  a  peculiar  form  of  the  lower  turbinated 
body.  Its  surface  closely  touched  the  lateral  wall  of  the  inferior 
meatus,  thus  obstructing  the  mouth  of  the  naso-lachrymal  duct,  which 
lies  about  the  middle  j^oint  of  the  lower  turbinated  body.  In  500  or 
600  cases  Meyer  deflected  the  attachment  of  the  lower  turbinated  body 
to  the  lateral  wall  by  turning  it  30°  to  50°  toward  the  septum  with 
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Heymann's  forceps,  modified  by  Killiaii.     The  epipliora  disappeared 
after  two  weeks. 

AVelleminsky  {Wiener  Klin.  Woch.,  No.  21,  1909)  observes  that  if  in 
idiopathic  epiphora  the  anterior  extremity  of  the  middle  turbinate 
be  touclied  with  a  pi'ohe  profuse  lachrymation  is  excited;  it  will  also 
be  found  thai  tlie  mucous  membrane  of  this  reg:ion  is  not  normal 
but  hyperemic,  edematous,  hypertrophic,  etc.  He  has  found  that  a 
few  scarifications  will  result  in  cure  of  the  epipliora.  Reinflet  (La  Clin. 
Ophtal.,  p.  577,  1909)  finds  that  simple  epiphora  without  catarrh  of 
tlie  .sac  or  dacryocystitis  is  quickly  cured  by  simple  dilatation  of  a 
canaliculus.  In  fact  almost  all  strictures  begin  in  that  portion  of  the 
canal,  particularly  at  its  junction  with  the  sac.  If  such  treatment  is 
not  sufficient  the  canal  is  to  be  catheterized  by  number  2  or  3  probes 
without  incising  the  canaliculus. 

Dacryo-pericj'stitis  is  to  be  treated  not  by  extirpation  of  the  sac 
but  by  some  method  which  destroys  the  peric.ystic  pocket  with  con- 
servation of  the  sac  and  re-establishment  of  drainage.  Where  there 
is  true  stricture  or  destruction  of  the  nasal  duct,  and  catheterization 
has  not  succeeded  in  re-establishing  drainage  by  the  nose,  it  may  be 
necessary  to  arrest  the  secretion  of  tears;  not  by  extirpation  of  the 
gland  but  l)y  deep  galvano-cauterization  of  the  same  in  its  parenchyma, 
respecting,  as  far  as  may  be,  the  mucous  membrane.  Cauvin  {La  Clin. 
Ophtal.,  p.  490,  1909)  has  employed  fibrolysin  (a  soluble  combination 
of  thiosinamin)  satisfactorily  in  simple  inveterate  epi])hora.  injected 
into  the  lachi-ymal  canal  in  conjunction  with  catheterization. 

Darier  (Ophthdltnoscope,  July,  1909,  p.  209)  gives  an  account  of 
different  varieties  of  epiphora  and  tlie  treatment  appropriate  to  each. 
The  congenital  form,  the  simplest  of  all,  is  usually  due  to  a  collection 
of  epithelial  cells  and  iinicus.  A  simple  injection  or  even  insufflation 
of  air  is  fre(|uently  all  that  is  required.  Injections,  probing,  elec- 
trolysis, radium-covered  sounds,  extiri)ation  of  the  palj)ebi'al  and  oi-bital 
glands,  and  finally  extirpation  of  tiie  sac,  ai'e  the  usual  methods  at  our 
command.  When  the  i)unctum  is  displaced  or  the  canaliculi  are 
occupied  by  calculi  or  concretions  (streptothrix,  actinomycosis)  incision 
is  neces.sary. 

Epiphora  arthritica.  (1j.)  Epiphora  dependent  upon  a  nnrrowiiig  of 
tlif  [luiictuin  hicriiiijiii'  caused  by  rheiiiiiatisiii. 

Epiphora  catarrhalis.  (Jj.)  Epipboi-a  dcpfiKh'iit  upon  a  narrowing 
ol'  tile  |iiiiict  iiiii  l;iciiiii;il('  (hif  to  a  catiiiTliai  iiillaiimial  ioti  of  the  con- 
junctiva. 

Epiphora  dacryadenitide.     Hj.  i     i*]piplioia  due  lo  daci'.vocystitis. 


4494  EPIPHORA  ERETHICA 

Epiphora  erethica.  (L.)  Epiphora  due  to  the  presence  of  an  irritat- 
ing substance. 

Epiphora  exanthematica.  (L.)  Epiphora  occurring  during  an  erup- 
tive disease  and  dependent  on  the  conjunctivitis  caused  by  that 
disease. 

Epiphora  impetig-inosa.     (L.)     Epiphora  accompanying  impetigo. 

Epiphora  intermittens.     (L.)       Epiphora  appearing  periodically. 

Epiphora  lacrimalis.  (L.)  The  watery  eye;  a  more  or  less  constant 
overflow  of  trars  upon  the  cheeks,  due  to  eversion,  tumefaction  or 
narrowing  of  the  puncta  lacrimalia,  or  to  stoppage  of  the  nasal  duct. 
In  Young's  classification  of  diseases,  a  genus  of  the  Apocenoscs. 
(Foster.) 

Epiphora  sanguinea.  Epiphora  scorbutlca.  (L.)  An  increased 
secretion  of  tears  mixed  with  blood.     It  occurs  in  scurvy. 

Epiphora  venerea.  (L.)  A  form  of  epiphora  which  occurs  in  a  stage 
of  syphilis.  The  tissues  about  the  punctum  are  thickened  and  swollen 
without  an  abnormal  quantity  of  secretion. 

Ep^polic.     Pertaining  to  flourescence. 

Epipolic  dispersion.  The  decomposition  of  light  that  takes  place  at  the 
surface  of  various  substances,  producing  the  phenomenon  ordinarily 
called  fluorescence. 

Epipolism.     Flourescence. 

Epirenin.     One  of  the  numerous  imitations  of  adrenalin. 

Episclera.     The  visceral  layer,  covering  the  eyeball,  of  Tenon's  capsule. 

Episcleritis.  Superficial  scleritis.  This  is  a  localized  inflammation 
associated  with  an  exudate  into  the  episcleral  tissue.  The  exudation 
causes  a  protuberance,  which  is  usually  rounded  or  flat  and  is  situated 
at  a  distance  of  several  millimetres  from  the  cornea.  The  mass  is 
attached  to  the  sclera,  and  the  conjunctiva  can  be  moved  over  it.  Two 
kinds  of  injection  are  visible  in  a  case  of  episcleritis:  a  superficial 
hyperemia  of  the  conjunctiva,  and  a  deeply-placed,  violet-colored 
injection  from  the  episcleral  vessels.  The  eye  is  red  only  in  the  neigh- 
borhood of  the  nodule,  which  is  hard  and,  if  it  enmeshes  one  of  the 
ciliary^  nerves,  is  acutely  sensitive  to  the  touch.  The  subjective  symp- 
toms in  episcleritis  may  be  mild  or  severe,  but  the  course  of  the  disease 
is  subacute  or  chronic.  In  some  cases  photophobia,  lachrymation,  and 
a  dull,  heavy  pain  are  symptoms.  After  several  weeks  the  affection 
usually  disappears,  the  nodule  is  absorbed,  and  either  no  trace  is  left 
or  a  slate-colored  patch  remains  to  mark  the  site.  In  some  cases  other 
nodules  form  until  the  entire  circumeorneal  zone  is  involved.  A 
characteristic  feature  of  the  disease  is  the  tendency  to  recurrence, 
either  in  the  old  site  or  elsewhere.    The  process  may  persist  for  months 
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or  eveu  years.  The  inflamed  patch  frequently  resembles  phlyctenular 
conjunctivitis,  with  which  it  may  be  confounded.  Although,  as  a  rule, 
the  cornea  is  unaffected  in  episcleritis,  if  the  nodule  is  located  near  the 
cornea,  an  infiltration  of  the  latter  may  occur  during  the  height  of 
the  disease.  Iritis  is  rarely  a  complication.  Both  eyes  maj-  be  involved 
in  episcleritis. 

The  etiology  of  episcleritis  is  somewhat  obscure,  although  it  un- 
doubtedly can  be  attributed  to  gout  or  rheumatism  in  some  cases. 
Exposure  to  cold,  menstrual  derangement,  and  scrofula  are  supposed 
causes.    Syphilis  and  tuberculosis  are  rarely  etiologic  factors. 

In  episcleritis  the  conjunctiva,  the  episcleral  tissue,  and  tlie  super- 
ficial scleral  layers  are  involved.  The  conjunctiva  is  hyperemic  and 
the  episcleral  tissue  is  edematous.  The  superficial  scleral  layers  show 
abundant  fibrinous  and  cellular  infiltration,  with  dilation  of  lymph- 
vessels  and  blood-vessels.  The  walls  of  the  vessels  are  generally  thinner 
than  normal  and  are  surrounded  by  an  area  of  cellular  infiltration. 
Hemorrhages  may  be  present  or  absent.  The  inflammatory  products 
do  not  tend  to  disintegration;  they  disappear  by  resorption.  There 
is  not  a  clearly-defined  line  of  demarcation  between  episcleritis  and 
scleritis,  transition  forms  existing. 

In  fully-developed  cases  there  can  be  little  difficulty  in  the  diagnosis. 
Episcleritis  may  be  mistaken  for  phlyctenular  conjunctivitis.  In  the 
latter  affection  there  is  present  a  denuded  area  of  a  whitish-yellow 
color,  and  the  whole  inflamed  patch  is  movable  with  the  conjunctiva. 

Darier  states  that  the  diagnosis  of  episcleritis  fi'om  conjunctivitis  is 
facilitated  by  the  use  of  adrenalin,  which  produces  marked  anemia  of 
all  the  conjunctival  tissue,  but  leaves  a  hyperemic  spot  at  tlie  level  of 
the  episcleral  inflammation. 

Episcleritis  generally  lasts  one  or  two  months,  but  may  continue 
longer.  Recurrences  are  not  infrequent.  In  general,  the  prognosis  is 
favorable;  exceptionally  the  deeper  layers  will  be  involved,  leading  to 
ectasias. 

In  the  treatment  of  episcleritis  it  is  necessary  to  attend  to  the 
general  health.  Gastric  and  uterine  disorders  should  receive  appro- 
priate treatment.  Salicylate  of  sodium,  aspirin,  and  colchicuni  are 
valuable  remedies  for  internal  u.se.  Pilocarpi n  liy  the  mouth  or  hypo- 
dermically  Avill  oftfii  produce  tin  ainclioration  of  tlie  symptoms. 
Massage,  lical  apj)lic(l  by  the  .l;i|);iiicse  hot-])OX,  iitid  the  sub- 
conjunctival injection  of  a  solution  ol"  bichlorid  of  mercury  (1  to  3000) 
are  valuable  therapeutic  measures.  Adrenalin,  applied  thi-ee  or  four 
times  daily,  is  of  value. 

After  eaeh   application    '.gentle   ami    prolonged    rotary   nias.sage   witli 
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nuTcurijil  lanolin  is  to  he  practised  (Dai'ier).  liijeetioiis  of  salicylate 
of  sodium  (2  pvv  cent.)  of  ciiiiiaiiiate  of  sodium  (hetol),  or  of  salt 
solution  have  heen  recommended.  Astringent  metals  and  caustics 
should  not  he  used.  ,  If  the  cornea  is  involved,  atropin  should  he 
applied,  hut  with  due  caution  in  elderly  persons.  In  rebellious  cases 
the  inHamed  patch  may  be  excised,  or  scarification  or  curettage  may 
be  tried.  Reuss  advises  the  use  of  the  constant  electric  current,  apply- 
ing a  small  electrode  to  the  nodule.  Attention  should  be  given  to  the 
state  of  the  refraction  and  of  the  muscle-balance. —  (J.  M.  B.) 

According  to  Wood's  System  of  Ophthalmic  Therapeutics  the  treat- 
ment of  the  more  acute  form  should  include  hot  fomentations, 
frequently  applied.  A  1  per  cent,  solution  of  sulphate  of  atropin 
should  also  be  used  sufficiently  often  to  keep  the  pupil  well  dilated. 

To  the  prescription  1  per  cent,  dionin  can  generally  be  added  with 
decided  advantage. 

Smoked  protective  glasses  should  be  worn,  with  complete  rest  of  the 
eye.  When  there  is  much  pain  and  pericorneal  injection  the  natural 
or  artificial  leech  should  be  applied  to  the  temple.  The  sub-conjunctival 
injection  of  normal  salt  solution,  or  1  to  5000  solution  of  bichlorid  of 
mercury,  sometimes  proves  useful  in  obstinate  cases.  Pilocarpine 
sweats  and  iodide  of  potassium  may  be  used  with  success,  especially 
where  the  deeper  structures  of  the  eye  are  affected. 

The  rheumatic,  gouty  or  tulx-reular  taint  should  be  neutralized  by 
appropriate  remedies.  Tuberculin  should  be  employed,  both  as  a 
diagnostic  and  as  a  therapeutic  agent,  in  cases  of  suspected  tubercle. 

The  internal  treatment  is  of  considerable  importance  and  it  has  been 
found  that  pilocarpin,  colchicum  preparations,  sodic  salicylate,,  aspirin 
and  similar  remedies  act  very  well.  Massage  in  its  various  forms 
with  mercurial  ointment  has  been  shown  by  Darier  to  be  of  consider- 
able use. 

Sub-conjunctival  injections  of  sodium  cinnamate,  normal  salt  solu- 
tion and  sodic  salicylate  have  also  been  recommended.  Attention  must 
be  called  to  the  fact  that  the  episcleral  patches  are  sometimes  merely 
aggravated  forms  of  angular  conjunctivitis  and  call  for  the  local 
exhibition  of  zinc  salts,  or  they  may  be  tubercular  deposits  that  require 
the  usual  methods  of  diagnosis  and  treatment.  In  addition  to  the 
foregoing  applications  hyosein  may  Ije  ordered  and  should  be  instilled 
as  a  one-tenth  per  cent,  solution  once  or  twice  a  day  to  keep  the  pupil 
well  dilated. 

For  the  interfibrillary  deposits  commonly  left  after  the  scleritis  has 
subsided,  massage  with  brown  ointment  and  internal  administration  of 
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tliiosinainine  (two  grains  three  times  a  clay)  will  be  of  considerable 
assistance. 

The  resources  of  hydropathy  and  a  residence  at  some  health  resort 
where  baths,  water-drinking,  dieting  and  out-of-door  exercise  are 
fashionable  are  not  to  be  forgotten  in  the  conduct  of  this  frequently 
stubborn  disease. 

The  raised  and  generally  pigmented  exudates  of  scleritis  commonly 
give  trouble.  When  the  inflammation  is  beginning  to  subside  these 
plaques  should  be  treated  by  daily  massage  wdth  the  following  as  an 
adjunct  to  other  applications :  Sodii  iodidi,  0.25 ;  petrolati,  10.00. 

Painting  the  lids  with  the  tincture  of  iodine  is  a  favorite  remedy 
with  some  surgeons.  Thus,  Peuch  advises  it  to  remove  the  deposits  in 
all  forms  of  deep  scleritis,  applying  the  remedy  daily  for  five  days. 
This  procedure  is  occasionally  employed  in  chronic  iritis  and  other 
inflammations  of  tiie  uveal  tract.  Its  action  is,  of  course,  that  of  a 
counter-irritant. 

Homer  E.  Smith  finds  that,  in  this  disease,  aspirin  internally  and  in 
full  doses  is  preferable  to  the  salicylates. 

H.  Bailey  uses  half  a  grain  of  pilocarpin  to  a  fluid  ounce  of  water 
instilled  into  the  eye  three  times  a  day. 

Under  the  name  of  suhconjioictivitis  epihulbaris  gonon-hoica,  Ileer- 
fordt  (Graefe's  Archiv  f.  Ophthal,  Vol.  72,  p.  344,  1909)  describes  a 
metastatic  gonorrheal  affection  observed  by  him  23  times  in  five  years  at 
Copenhagen.  Tlie  disease  sliows  a  tendency  to  be  localized  in  the 
episclera  or  the  epibull)ai',  sub-eon junctival  mucosa.  He  has  seen  no 
cases  in  which  the  retrotarsal  fold  is  affected,  such  as  are  described  by 
Saemisch  and  Groenow  as  co!n{)licating  uretliritis.  Xeithei'  has  he 
found  anywhere  described  the  condition  as  he  himself  has  observed  it. 
It  bears  a  close  resemblance  to  a  phlyctenular  conjunctivitis.  The 
presence  of  a  urethritis  and  joint  disease,  and  the  al)sence  of  a  history 
of  similar  attacks  would  serve  to  diffei'entiate  tiie  two  affections.  There 
is  usually  a  inuco-purulent  secretion  wliich  is  more  profuse  when  the 
inflammation  is  superficial.  The  lids  are  sometimes  swollen.  In  every 
case  he  examined  llie  discliarge  for  the  gonococcus,  but  with  negative 
results.  He  thinks  tlial  the  disease  is  caused  by  tlie  presence  of  rem- 
nants of  dead  gonococci  or  by  toxins.  Tn  17  of  the  23  cases  there  was 
some  joint  affection  present.  Corneal  vesicles  are  a  fre(|uent  compli- 
cation. Iritis  also  may  be  present.  It  is  a  nioi-e  fn'(|ii(  nl  complicalion 
of  urethritis  in  tin-  male  than  in  the  female.  Libliy  saw  ei)is<'leritis 
in  a  woman  aged  :;<>,  which  followed  a  mild  attack  of  iritis.  There  was 
no  specific  or  tubercular  history. 
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Episcleritis  partialis  fugux.  Gouty  eye.  Hot  eye.  Fugacious  epi- 
scleritis. Sub-conjunctivitis  (von  (ii'aefe).  EpisciiERiTis  periodica 
FiTGAX.  This  curious  disease  occurs  in  the  form  of  a  sudden,  transient 
hyperemia  of  the  episcleral  tissue  and  overlying  conjunctiva.  It  lasts 
for  a  few  ilays  and  reappears  at  intervals  varying  from  a  few  weeks  to 
several  months.  There  is  pain,  photophobia,  and  lachrymation,  but 
vision  is  unatfeeted.  The  disease  occurs  chiefly  in  adults  of  a  rheumatic 
or  gouty  diathesis,  but  children  are  not  exempt.  The  affection  is  sup- 
posed to  be  identical  with  that  described  in  1892  by  Swan  Burnett 
as  "a  vasomotor  dilation  of  the  vessels."  The  name  "hot  eye"  was 
given  to  the  disease  by  Hutchinson.  The  treatment  is  the  same  as  for 
episcleritis. —  (J.  M.  B.) 

Some  additional  observations  of  this  affection  are  the  following: — 
E.  T.  Smith  {Ophthalmic  Review,  October,  1907),  after  an  opportunity 
of  watching  the  onset  and  recovery  of  this  affection  during  five  attacks 
in  a  man  under  close  observation  for  five  years,  concludes  that  epi- 
scleritis periodica  fugax  may  exist  in  a  severe  form  without  any 
exudation  of  serum  or  round  cells  into  the  sclera  or  overlying  tissue ; 
that  a  period  of  depressed  general  health  precedes  the  attack ;  that  the 
affection  may  be  para-gonorrheal  (to  use  an  analogy  with  syphilis) 
in  origin ;  that  in  such  cases  quinin  in  full  doses  is  of  more  service  than 
the  so-called  anti-rheumatic  remedies;  that  in  the  way  of  local  treat- 
ment, warmth  and  protection  are  all  that  is  needed ;  drugs  which  act 
on  the  pupil  being  unnecessary  and  probably  harmful.  He  thinks 
the  disease  is  not  merely  a  mild  and  fleeting  form  of  episcleritis,  as 
suggested  by  many  authors,  but  a  distinct  affection,  whose  prominent 
characteristic  is  that  the  eye  is  left  after  the  attack  in  apparently 
normal  condition,  both  as  regards  structure  and  function. 

A  maiden  lady  of  40  years,  who  had  suffered  from  recurring  attacks 
of  inflammation  of  one  or  both  eyes  for  four  years,  was  treated  by 
Wyler  {Practical  Medicine  Series,  1910,  p.  69).  The  attacks  seem 
to  have  been  associated  with  her  periods  of  menstruation.  Her  general 
health  was  good,  except  for  constipation  and  irregular,  frequent 
menstruation.  The  attacks  came  on  suddenly  and  were  evidenced  by 
the  lower  outer  quadrant  of  the  ocular  bulb  assuming  a  dusky-blue 
color  and  by  a  small  localized  edema.  The  area  beneath  showed  dilated 
ciliary  vessels.  The  cornea  was  not  involved.  She  continued  to  have 
these  attacks  about  every  two  weeks.  Treatment  was  of  value  only  in 
shortening  the  attacks  or  in  making  them  milder.  Dionin  was  of  most 
value  as  a  local  measure.  The  author  l)elieves  this  ocular  inflammation 
to  be  the  expression  of  a  deranged  physical  state.     More  or  less  dis- 
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agreement  exists  among  writers  as  to  wliat  this  derangement  is,  the 
greater  number  favoring  the  gouty  diathesis. 

A.  C.  Snell  {Annals  of  Ophthal.,  October,  1911  j  reports  two  examples 
of  fugacious  episcleritis,  one  in  a  woman,  the  other  in  a  man.  The 
woman's  attacks  came  on  suddenly  without  prodromal  symptoms,  al- 
ways at  the  beginning  of  a  menstrual  period,  and  lasted  until  the 
period  was  over.  From  1905  to  1911  she  missed  having  attacks  during 
only  a  few  months  each  year.  An  attack  had  the  appearance  of  i\n 
acute  inflammation  limited  to  one  quadrant  of  the  eye.  This  area  was 
usually  edematous,  but  there  was  no  nodular  enlargement.  The  vessels 
of  the  conjunctiva,  sub-conjunctiva  and  episclera  were  all  distended 
and  congested.  The  inflamed  sector  was  situated  exactly  in  the  region 
of  the  insertion  of  a  rectus  muscle.  The  eye  was  subject  to  pain  of  a 
neuralgic  character.  The  attacks  came  in  either  eye,  sometimes  in 
both  at  the  same  time.  There  was  no  regularity  in  the  involvement  of 
the  quadrants,  but  it  was  usually  the  lateral  quadrants  which  were 
affected.  During  1910  and  1911  the  attacks  were  of  longer  duration, 
lasting  from  ten  days  to  three  weeks.  During  all  this  time  she  observed 
strict  rules  regarding  diet.  She  boasted  of  always  being  physically 
well.  She  was,  however,  of  a  neurotic  temperament.  Notwithstanding 
the  number  of  attacks  the  sclerotics  showed  no  alteration  whatever. 
Between  attacks  the  patient  was  free  from  discomfort.  IMenstruation 
was  always  regular  and  jjerfectly  physiologic. 

The  man,  who  was  29  years  of  age  and  weighed  240  pounds,  was 
first  seen  in  June,  1911.  He  gave  a  history  of  recurring  attacks  of 
inflammation  in  various  parts  of  one  or  the  other  eye  for  three  and  a 
half  years.  The  inflammation  lasted  from  four  to  ten  days.  The 
eye  felt  "hot"  and  at  times  was  very  painful.  Sometimes  he  was  free 
from  attacks  for  several  months  and  then  he  would  have  as  many  as 
four  attacks  in  one  month.  They  came  on  suddenly  and  reached  tlieir 
height  in  a  single  day.  The  symptoms  were  severe  for  two  or  three 
days  and  then  gradually  sul)sided.  On  the  day  of  the  patient's  first 
visit  to  the  author  there  was  an  inflamed  area  confined  to  the  region 
of  the  tendon  of  the  right  inferior  rectus  muscle  with  practically  the 
same  appearances  described  in  the  case  of  the  woman.  This  attack 
liad  been  going  on  for  sixteen  days,  and  two  days  later  it  terminated. 
Tn  five  days  lie  liad  another  attack,  this  time  involving  the  inner 
(|ua(lrant  of  the  same  eye.  He  had  always  enjoyed  good  healtli.  with 
the  exception  of  an  attack  of  rlieumatism  nine  years  past,  lie  was 
endeavoring  to  restrict  his  diet — more  as  to  quality  tlian  as  to  quantity. 

The  treatment  mostly  consisted  of  the  use  of  saline  laxatives.  Tnikish 
baths,  restriction  of  the  diet  and  the  local  application  of  a  live  ])er 
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L'L'iit.  solution  of  dioiiin  with  atropia,  assisted  by  hot  foiueiitatious,  two 
or  three  times  a  day. 

Episcope.  Ai'iiENGEscopE.  iMegascol'e.  Opaque  lantern.  Epidiascoi'E. 
All  apparatus  for  projecting  tlie  image  of  opaque  objects,  like  coins, 
pictures  in  books,  etc.  It  consists  of  one  or  more  powerful  radiants 
for  illuminating  the  opacpie  objects,  an  ordinary  projection  objective, 
and  a  prism  or  mirror  for  making  the  vertical  rays  from  the  object 
horizontal.     (Gould.) 

Episcotister.  An  instrument  for  testing  the  sensitiveness  of  the  eye, 
invented  by  Talbot  and  improved  by  Aiibert,  consisting  of  two  black, 
metallic  discs,  in  each  of  which  four  octants  are  cut  out.  The  discs 
are  placed  one  on  the  other,  and  can  be  so  rotated  round  their  centres 
that  the  non-excised  octants  of  the  upper  disc  cover  any  arbitrary 
parts  of  the  excised  lower  disc.  By  means  of  a  screw  arrangement 
the  two  discs  may  he  fastened  in  their  opposed  position,  and  the  degrees 
of  the  free  sectors  may  be  read  ott"  on  a  scale.  The  glass  to  be  examined 
is  then  brought  close  to  the  disc,  which  is  rapidly  rotated  like  ^lasson  's 
discs,  so  that  a  gray  circle  is  produced.  If  we  now  look  alternately 
through  the  disc  and  through  the  glass  toward  a  white  surface,  we  can, 
by  displacement  of  the  sectors  of  the  first,  equalize  the  diminution  of 
the  light  produced  by  it  with  that  produced  by  the  glass.     (Foster.) 

Episemasia.     (L.)     A  diagnostic  or  prognostic  sign. 

Epistag^os.  (L.)  Instillation.  Also  a  name  given  by  Dioscorides 
to  "catarrh." 

Epistaxis.  Nosebleed.  Although  the  relation  of  nasal  hemorrhages  to 
eye  diseases  is  generally  regarded  as  largely  accidental  yet  some 
observers  have  noted  a  closer  connection  between  the  two.  For  example. 
Bales  {Birmingham  Medical  Review,  1880)  described  a  group  of  re- 
current hemorrhages  into  the  retina,  and  into  the  vitreous  from  the 
retinal  vessels,  associated  with  epistaxis,  in  young  males  in  whom 
chronic  constipation  and  high  arterial  tension  were  present.  Bales 
held  that  constipation  was  the  main  factor  in  the  production  of  the 
ivtinal  hemorrhage  in  these  individuals. 

Episyntheticus.  (L.)  Pertaining  to  episynthesis,  medical  doctrine 
taught  by  an  ancient  class  of  physicians  professing  eclecticism. 

Epitase.     (F.)     The  first  appearance  of  a  disease,  especially  of  a  fever. 

Epitelio  pigmentato.     (It.)     Pigmented  epithelium. 

Epithalamic.     Situated  on  the  optic  thalamus. 

Epithel.     (G.)     Bpithelium. 

Epithelhaufen.     (G.)     A  mass  of  epithelium. 

Epithelial  dystrophy  of  the  cornea.    See  Cornea,  Dystrophy  of  the. 
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Epithelial  hyperplasia.  This  is  a  tumor-like  exudate  occurring  mostly 
ill  old  age  which,  aceordiiig  to  Parsons  (Pathologij  of  the  Eye,  p.  359), 
t^xhibits  small,  festoon-like  thickenings;  also  in  eyclitis  (Alt,  Treacher 
Collins),  with  the  formation  of  non-pigmented  and  pigmented  bands 
and  tubes  or  tumor-like  thickenings.  Kriickmann  describes  small 
nodules  of  granulation  tissue  covered  by  epithelium,  which  sprout  out 
into  the  vitreous  in  cyclitic  conditions.  The  granulation  tissue  shrinks 
later,  so  that  spaces  covered  with  epithelium  are  formed  in  the  scar 


I']l)itli(»lial   I[_v]i(M]ilasiii  of  Ciliary  Body,      (r'aisons.) 


tissue.  Only  rarely  does  the  epitlielium  appear  to  invade  the  pre- 
formed tissues,  and  these  are  then  found  to  be  in  a  sclerosed  cicatricial 
condition. 

Epithelial  invasion.     See  Down-growths. 

Epithelial  optograms.  An  optogram  is  the  retinal  image  formed  by 
I  lie  bleaching  of  the  visual  purple  undei"  the  action  of  light.  Strong 
contra^sts  of  light  and  shade  may  be  observed  for  a  short  time  on  the 
retinas  of  animals  recently  killed.  An  epithelial  optogram  is  the  term 
employed  by  Kuehiie  to  indicate  Ihe  direct  action  of  light  upon  llie 
migration  of  fuscin. 

Epithelial  plaques.  Tlie.se  are  Avart-like  growths  generally  found  on 
the  conjunctiva  and  cornea.     Parsons  (I'dlliohif/)/  <>(  the  Ej/e,  p.  1.30) 
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believes  that  they  are  all  eitlier  eases  of  xerosis  of  the  conjunctiva  or  of 
epidermoid  changes  in  the  cornea,  which  occur  under  all  conditions  of 
exposure,  c.  g.,  in  lagophtlialiuia.  lie  adds,  ''1  have  had  an  oppor- 
tunity of  examining  two  such  cases.  In  each  case  they  occurred  in 
young  patients  antl  were  probably  congenital.  In  one  the  plaque 
occupied  the  typical  position  of  a  dermoid  tumor,  being  partly  over 
the  cornea,  out  and  up.  In  the  other  it  was  in  a  similar  direction,  but 
separatetl  from  the  cornea  by  normal  conjunctiva.  In  each  case  the 
epithelium  was  much  thickened  and  the  superficial  layers  were  corneous. 
1  think  these  plaques  are  the  simplest  expression  of  a  dermoid  tumor, 
only  the  epidermal  elements  being  represented,  those  of  the  cutis  being 
al)S('nt. " 

Epithelial  xerosis.  A  xerotic  condition  of  the  conjunctiva  or  cornea  in 
whicli  tliese  membranes  become  dry,  thickened  and  of  a  whitish  color 
rt'scnihliiig  the  skin,  and  covered  with  an  epidermoid  epithelium. 

Epithelioma  benigna.  Euthelioma.  Names  given  to  non-malignant  in- 
traocular tumors,  especially  to  imiocent  tumors  of  the  ciliary  body. 
They  are  also  referred  to  as  adenomata,  and  (by  Fuchs)  innucent 
tumors  of  the  ciliary  epithelium.    See    Ciliary  body,  Tumors  of  the. 

Epithelioma  of  the  eye.  See  Tumors  of  the  eye ;  as  well  as  epithelioma 
of  the  various  ocular  structures  under  corresponding,  separate  cap- 
tions. 

Epitheliosis  desquamativa  conjunctivae.    See  Conjunctivitis,  Samoan. 

Epithelique.     (F.)     Epithelial. 

Epithelium  a  cils  vibratiles.     (F.)     Ciliated  epithelium. 

Epithelium  humoris  aquei.    A  synonym  of  Descemet's  membrane. 

Epithelium  pavimenteux.  Epithelium  plat.  (F.)  Pavement  epithe- 
lium. 

Epithelverlust.     (G.)     Loss  of  epithelium. 

Epithem.  Epithema.  An  ancient  medicinal  preparation  for  external 
ai)])!ication,  exclusive  of  plasters  and  ointments. 

Epizoen  des  Auges.     (G.)     External  ocular  parasites. 

Epkens-Donders '  ophthalmoscope.  Gould  {System  of  Diseases  of  the 
Eyi ,  Vol.  2.  page  70)  descrilies  this  early  and  rather  elaborate 
instrument  as  follows:  A  cubical  box  held,  diagonally,  a  mirror 
perforated  in  the  centre;  this  mirror  could  be  rotated  by  means  of 
screws.  The  box  had  openings  on  three  sides — one  opposite  the  reflect- 
ing surface  of  the  mirror  for  the  patient's  eye,  one  behind  the  mirror 
for  the  observer  locking  through  the  lenses  of  a  Rekoss  disk  and  the 
central  perforation  into  the  fundus  of  the  eye,  and  the  third  for  the 
tube  that  admitted  light  to  the  mirror.  The  whole  instrument  was 
fa.stened  by  an  adjustable  stand  to  the  corner  of  a  table,   so  that 
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observer  and  patient  could  sit  oj^posite  and  facing  each  other,  with 
the  instrument  between  them.  The  light-tube  had  at  its  extremity 
a  convex  lens  of  small  focal  length,  to  collect  the  rays  of  a  lamp  placed 
opposite.  These  rays  struck  the  mirror,  and,  after  adjustment  of  the 
instrument,  were  reflected  into  the  patient's  eye,  illuminating  the 
fundus.  A  micrometer  screwed  into  the  end  of  the  light-tube  had, 
when  properly  focused,  its  two  sharp  points  pictured  on  the  fundus, 
and,  as  the  tube  with  micrometer  could  be  turned  on  its  own  axis,  an 
exact  measurement  of  all  spots,  changes,  etc.,  could  be  obtained.  Then, 
knowing  the  distance  between  the  micrometer  points  and  the  length  of 
the  tube,  the  exact  size  of  blood-vessels,  nei*ve-head,  and  discolorations 
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could  be  determined.     A  camera  lucida  could  also  be  placed  at  the 

observer's  end  of  tlie  tul)e,  permitting  a  correct  drawing  of  any  desired 

pni't  of  the  fundus. 
Eponge.     (F. )     Sponge. 

Epoptic  figures.    The  interference  figures  seen  in  idioplianous  crystals. 
Epsilon,   Angle.     The   angle  included  between  the  nuicular  axis  and 

the  i»apiHai-y  axis.     This  angle  is  usually  greater  in  hyperopes  than  in 

myopes. 
Epsomite.      (F.')      K|)S()ni  sails:  sulphate  of  magnesium. 
Epsom  salts.     See  Magnesium  sulphate. 
Epuisement  nerveux.     (F.)     Neurasthenia. 
Epyrele.      f  F.  ^      Fmpyrenmatic  oil. 
Equation  of  achromaticity.     An  eriuation  expi-essing  the  i-ehition  which 

must  hold  between  tile  i-;i(lii  of  eui-va1iire  of  a  eomponnd  lens  in  order 

that  it  ma  V  lie  aehi'omat  ie. 
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Equation  of  color.  The  fundamental  examination  of  .the  color-sense 
is  made  by  means  of  what  is  called  rquatioiis  of  colors.  Two  or  three 
colors  are  mixed  in  different  proportions  until  the  observer  declares 
the  mixture  similar  to  a  fourth  given  color,  most  frequently  white. 
We  then  examine  whether  an  eye,  of  which  the  color-sense  is  normal, 
recognizes  the  e(|uation.  that  is  to  say,  whether  the  mixture  appears 
likewise  similar  to  white  for  this  eye. 

Neglecting  sliglit  differences,  it  can  be  stated  that,  as  a  rule,  an 
equation  of  color  which  is  true  for  a  normal  eye,  remains  true  for  all 
eyes;  as  well  for  normal  as  for  dicliromatic  eyes. 

Equation  of  light.  The  correction  applied  to  the  observed  position  of 
a  celestial  body  in  respect  of  the  finite  velocity  of  light. 

Equatorial.  An  astronomical  telescope  having  its  principal  axis  of 
rotation  parallel  to  the  axis  of  the  earth. 

Equatorial  plane.  A  plane  vertical  to  the  optic  axis  which  cuts  the 
eye-ball  at  its  greatest  circumference;  it  intersects  the  sclera  at  the 
e<|uator  of  the  eye-ball. 

Equator  of  a  lens.  The  angular  edge  at  the  meeting  of  the  anterior 
and  posterior  surfaces  of  the  lens. 

Equator  of  the  eye.  Equator  oculi.  The  boundary  of  the  transverse 
and  central  vertical  planes  of  the  eye.  Practically,  it  is  a  plane  divid- 
ing the  globe  into  an  anterior  and  posterior  half.  In  an  adult  eye  the 
e(|uatorial  circumference  averages  77.6  mm. 

Equerre  a  reflecteur.     (F.)     Optical  square. 

Equiconvex.     Having  two  equally  curved  convex  surfaces. 

Equicrescent.     Having  equal  increments;  increasing  at  an  equal  rate. 

Equilibrating'  operation.  Tenotomy  on  the  direct  antagonist  of  a 
paralyzed  ocular  muscle. 

Equilibration.    Equipoise ;  the  maintenance  of  an  even  balance. 

Equilibrium.  The  condition  of  repose  under  the  operation  of  equal 
and  opposite  forces. 

Equilibrium  test.  For  heterophoria.  A  prism  of  8°  or  10?  is  placed 
with  the  base  down  before  either  eye  and  a  small  light  at  twenty  feet 
(six  metres)  distance  is  used  as  the  test-object.  The  prism  removes 
the  tendency  to  fusion  by  displacing  the  image  belonging  to  the  eye 
before  which  the  prism  has  been  placed  to  a  point  below  the  fovea,  in 
consequence  of  which  it  will  be  projected  above  the  image  belonging 
to  the  other  eye.  If  orthophoria  for  the  lateral  muscles  exists,  the 
images  of  the  two  eyes  will  stand  one  directly  above  the  other.  If 
exophoria  be  present,  the  displaced  image  will  lie  to  the  opposite  side 
of  the  image  belonging  to  the  other  eye  from  that  before  which  the 
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prism  had   been  placed.     If  esophoria  be  present,   it  will  lie  on  the 
corresponding  side. —  (J.  M.  B.) 

Equivalent  focus.  The  magnifying  power  of  a  compound  lens  referred 
to  that  of  a  single  lens. 

Equivalent  lens.  In  optics,  a  lens  which,  being  placed  at  a  suitable 
fixed  point,  produces  an  image  of  the  same  size  as  that  produced  by 
a  combination  of  separated  lenses  placed  generally  in  some  other  posi- 
tion. Two  thin  ophthalmic  lenses  are  said  to  be  equivalent  when  their 
corresponding  principal  congeneric  meridians  are  of  the  same  refrac- 
tive powers. —  (C.  P.  P.) 

Shahan  {Trans.  Sec.  Oph.  A.  M.  A.,  1913)  calls  attention  to  the 
difference  in  strength  of  convex  lenses  according  to  their  shape,  that  is, 
whether  double  convex,  plano-convex,  or  menisci.  lie  has  constructed 
a  series  of  charts  from  which,  by  a  slight  calculation,  equivalent  lenses 
of  the  above  form  may  be  ground.  The  charts  show  what  curvatures 
should  be  given  to  correspond  to  the  ordinary  double  convex  lens  of 
the  trial  case. 

Equivocal  characters.  In  alphabets  and  print  for  the  blind  (q.  v.), 
this  term  has  been  used  to  designate  certain  characters  which  differ 
only  as  to  their  position  in  the  line,  upper,  lower,  or  middle.  When 
in  the  lower  or  middle  position,  they  have  been  called  low-level  cJiar- 
acters. 

Eradiation.     Emission  of  rays  or  waves  of  light. 

Eraillement.     (F.)     An  elongated  rent  or  tear  with  irregular  edges.     - 

Eraillement  de  la  paupiere.     (F.)     Ectropion  of  the  eyelid. 

Erasion.     Removal  (as  of  diseased  tissue)  by  scraping. 

Erbfallig.     (G.)     Hereditary. 

Erbium  g"lass.  Under  this  name  an  almost  colorless  product  has  been 
suggested  for  lenses  with  the  idea  that  they  would  protect  the  eye 
from  the  ulti-a-violet  rays  without  interfering  with  vision. 

Erblassen.     ((}.)      Discoloration ;  pallor. 

Erbliche  Augenleiden.     (G.)     Hereditary  eye  diseases. 

Erblichkeit.     (G.j     Heredity. 

Erblinden.     (G.)     Becoming  blind. 

Erblindungsursachen.     (G.)     Causes  of  blindness. 

Erbschaft.      m;.)      luhcritaiicc. 

Erb's  disease,  Ocular  symptoms  of.  'I'his  atl'cctioii,  also  calh'd  asthenic 
bull)ar  |)aralysis  or  iiiyasthniia  gravis,  is  charai'tcrizcd  by  iiiuscuhir 
fatigue,  es|)e('i;dly  of  the  iiiiiseh's  of  mastii-al  ion  and  those  of  the  iiee|<. 
The  eye-symptoms  ohsefMMl  ai'e  ptosis,  usually  liilatei'al.  and  other 
ocular  palsies.  The  oi-bieulares  ai-e  often  involved,  while  the  intei'nal 
ocular  musch's  are  rareiv  affected. —  (.J.  iM.  i>.) 
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Erbse,     (G.)     A  pea. 

Erbiibel.     (G.)     An  inherited  defect, 

Erdig-es  Hagelkom.     (G.)     Chalazion  terreum. 

Erect  image,  hi  optics,  an  image  whose  various  parts  occupy  the  same 
relative  positions  with  respect  to  its  center  as  the  corresponding 
parts  in  the  object.    See,  also,  Image. —  (C.  F.  P.) 

Erecting  microscope.  A  microscope  in  which  the  object  appears  in  its 
natural  position,  an  effect  due  to  the  interposition  of  an  erecting  prism 
above  the  objective. 

Erecting  prism.  Erector.  A  prism  placed  between  the  two  lenses  of 
the  eyepiece  to  re-invert  the  image.  This  prism,  with  angles  of  45° 
and  90°,  erects  the  image  when  the  incident  rays  are  parallel  to  the 
hypothenuse  face  and  impinge  upon  one  of  the  mutually  rectangular 
faces  coincident  with  a  principal  section.  The  rays  refracted  at  the 
incident  face  impinge  upon  the  hypothenuse  face  within  the  prism  at 
an  angle  exceeding  the  critical  angle  and  are  there  reversed  through 
reflection  towards  the  second  rectangular  face,  where  they  are  again 
refracted  as  emergent  rays  parallel  to  the  incident  beam. —  (C.  F.  P.) 

Erethism.  Exaggerated  sensibility  or  irritability.  A  morbid  degree  of 
excitement  or  irritation. 

Erfahrung.      (G.)     Experience;  experimental  knowledge;  empiricism. 

Erfrischung.  (G.)  Refreshment;  also  the  act  of  refreshing  or  de- 
nuding a  part  of  the  surface  of  the  body  in  a  plastic  operation. 

Erg.  The  unit  of  energy;  the  amount  of  work  done  by  a  body  moving 
through  1  ctm.,  in  opposition  to  a  force  equal  to  1  dyne. 

Erganzungsfarben.     (G.)     Complementary  colors, 

Ergograph,  A  recording  ergometer.  An  instrument  for  recording 
the  extent  of  movement  produced  by  a  contracting  muscle,  or  the 
amount  of  work  it  is  capable  of  doing.    See  Muscles,  Ocular. 

Ergostat.  A  machine  for  testing  muscular  power.  G.  Gaertner's  ergo- 
stat  consists  of  a  crank  for  turning  a  wheel  which  is  connected  with  a 
small  wheel  serving  as  the  fulcrum  of  a  weighted  lever,  with  a  register- 
ing index. 

Ergot.  Spurred  rye.  Secale  cornutum.  This  powerful  and  often 
poisonous  agent  is  manufactured  from  diseased  rye  and  contains 
ergotic  acid,  ergotine  and  several  other  derivatives. 

J.  G.  Dorsey,  from  a  suggestion  of  Bartholow's  Therapeutics,  instils 
a  single  undiluted  drop  of  the  fluid  extract  (alcoholic)  into  the  e.ye 
two  or  three  times  a  day.  The  application  is  painful  for  a  moment 
but  is  immediately  followed  by  a  sense  of  relief.  He  uses  it  in  the 
acute  stages  of  both  simple  and  purulent  conjunctivitis  as  an  adjunct 
to  other  antiseptic  treatment. 


ERGOT  4507 

As  regards  its  oeulo-toxic  relations  Parsons  {ratJwlogy  of  the  Eye, 
p.  13H9)  furnishes  the  following  list  of  symptoms:  Retinal  anemia,  con- 
striction of  the  retinal  vessels,  retinal  edema  and  slight  neuritis  have 
been  seen  in  ergot  poisoning.  No  case  of  optic  atrophy  has  been 
recorded.  Slight  transitory  amblyopia  and  contraction  of  the  field 
have  also  been  observed.  Several  cases  of  cataract  ascribed  to  ergotism 
have  been  reported.  Experimental  intravenous  injection  of  the  active 
principles  of  ergot  produces  passive  intra-ocular  hyperemia.  Nystag- 
mus, hemorrhage  into  the  lids,  transitory  exophthalmos  and  iritis  have 
been  described. 

A  more  extended  account  of  the  amblyopia  from  the  use  of  this 
agent  is  furnished  by  J.  Fejer  {Ophthulmology,  July,  1914).  The 
writer  remarks:  "Under  ergotinin,  ergotoxin,  cornutin,  sphacelinic 
acid  and  si^haeelotoxin,  different  substances  are  described,  to  which 
sphacelotoxin  was  attributed  the  most  important  action.  It  was  sup- 
posed to  contract  the  blood  vessels  and  increase  the  blood  pressure  to 
such  an  extent  that  the  constant  spasm  of  the  small  arteries  may 
produce  hyaline,  thrombosis,  with  subsequent  dry  necrosis.  Barger 
and  Dale,  however,  proved  that  not  these,  so  far  described  substances 
are  the  active  properties,  but  several  amines,  especially  isoamylamine 
and  hydroxylphenylethylamine,  which  in  traces  stick  to  the  cells  of 
secale  cornutuin  and  exert  a  specific  influence  through  the  sympathetic 
nerve  of  the  vaso-constrictors  and  the  blood  pressure. 

"The  most  certain  injury  is  the  formation  of  cataract,  which  has 
been  brought  in  connection  with  the  convulsions  and  attributed  to  lack 
of  nutrition  of  the  anterior  segment  of  the  glolie  due  to  the  spastic 
constriction  of  tlie  vessels.  The  optic  nei-ve  is  not  affected  and,  accord- 
ing to  Uhthoff,  there  are  no  changes  of  the  fundus.  Anemia  of  the 
retina,  conti-action  of  the  retinal  vessels,  haziness  of  the  borders  of  the 
disc,  intense  hyperemia  of  the  retina  and  disc,  have  been  desci'ibed,  but 
Uhthoff  does  not  admit  tliem  beyond  doubt.  Blindness  from  affection 
of  the  optic  nerve  and  retina  after  ergotism  has  so  far  not  been  observed. 
According  to  Lewin  and  (Juilh-ry  visual  (listur])ances  were  found  in 
22  out  of  89  cases  of  ergotism;  in  some  patients  the  visual  lidd  was 
contracted.  Tii  most  of  them  the  visual  impaii-ment  soon  subsided, 
and  only  in  the  comulsive  forms  opacities  of  the  lens  remained.  In 
one  case  the  i-ctin;i  was  very  pale  and  the  vessels  narrow  dui'ing  tlie 
convulsions,  ])ut  l)ecame  again  byperemic,  as  well  as  the  disc,  after  their 
cessation.  In  most  cases  the  fundus  remained  normal.  In  animals 
contraction  of  the  vessels  was  ascertained  after  .'}0  minutes,  and  in 
carnivora  total  blindness  can  be  produced  by  chronic  intoxication  with 
.secale  cornutum.     Literature  contains  a  case  of  a  man,  aged  30,  who 
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developed  internal  ophthalmoplegia  after  taking  extract  of  secale 
cornutuni.  A  woman  who,  on  account  of  a  uterine  hemorrhage,  took 
a.  teasi)oonful  of  fluid  extract,  fainted,  and  her  vision  was  dim  for 
several  days.  A  physician  complained,  aside  of  other  symptoms,  of 
visual  disturbances  after  a  dose  of  4  grammes  of  secale  cornutum. 

"From  these  publications  and  experiments  on  animals  it  transpires 
that  secale  cornutum  may  produce  haziness  of  sight  in  man,  in  animals 
complete  blindness,  but  the  ophthalmoscopic  conditions  are  insufficient 
and,  according  to  Uhthotf,  entirely  unreliable. 

"Fejer  also  reports  the  case  of  a  woman  who  took  secacornin  'Roche' 
on  account  of  slow  involution  of  the  uterus.  Secacornin  'Roche'  is  a 
watery-alcoholic  extract  prepared  by  dialyzation,  and  considered  by 
Prof.  Bokay  as  a  good  preparation,  although  not  better  than  the  simple 
extract. 

"A  slender  woman,  aged  20,  without  any  organic  diseases,  was 
normally  delivered  on  Sept.  15,  1912.  For  better  involution  of  the 
uterus  she  took  10  drops  of  secacornin  on  Oct.  1st,  2nd  and  3rd.  In 
the  afternoon  of  Oct.  3rd  she  complained  of  poor  vision  and  saw  the 
pictures  in  the  room  darker.  On  Oct.  4th  she  again  took  10  drops, 
on  the  5th  and  6th  none  and  saw  a  little  better.  On  Oct.  7th  she 
took  15  drops  three  times  and  her  sight  was  again  hazy.  On  Oct.  13th 
none,  but  saw  better.  On  Oct.  14th  the  sight  was  clear.  On  Oct.  11th, 
after  dilation  of  the  left  pupil  by  homatropin,  Fejer  noticed  an  anemia 
of  the  macula  lutea,  its  surroundings  veiled  and  the  vessels  very  much 
contracted.  The  aspect  of  the  macula  resembled  that  in  embolism  of 
the  central  retinal  artery  without  the  cherry-red  spot,  which  is  a 
phenomenon  of  contrast,  caused  by  the  yellowish  macula  covered  by 
the  opaque  retina.  Vision,  visual  field,  color  sense,  showed  nothing 
abnormal,  except  fogginess.  Hence,  Fejer  was  tirmly  convinced  of  a 
disturbance  of  circulation  of  the  retina,  caused  by  secacornin,  consist- 
ing in  an  intense  contraction  of  the  vessels  and  marked  anemia  and 
slight  opacity  of  the  center  of  the  retina.  This  characteristic  picture 
of  the  center  existed  also  in  the  other  eye. 

"Secacornin  was  at  once  discontinued.  The  next  day  an  improve- 
ment set  in,  and  on  the  third  day  vision  was  restored.  The  opacity 
of  the  retina  subsided,  the  vessels  grew  wider  and  vision  normal. 
"The  patient  took  in  all  255  drops,  i.  c,  from  about  10  to  12  grammes. 
■  The  first  symptoms  appeared  after  75  drops,  i.  e.,  from  about  3  to  4 
grammes,  had  been  taken.  During  the  whole  puerperal  state  the 
temperature  remained  constantly  under  37°,  and  the  pulse  fluctuated 
between  84  and  100 ;  it  was  of  normal  tension.  Hence,  the  secacornin 
did  not  seem  to  influence  the  blood  pressure,  although  this  was  not 
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measured  with  iiistrumeuts.    The  vaso-constrictors  of  the  fine  terminal 
arteries  of  the  retina  must  have  been  irritated  by  certain  chemical 
agents,  in  order  to  produce  this  intense  anemia  and  vascular  contrac- 
tion at  the  center  of  the  retina." 
Erhaltensbrille.     (G.)     An  eye-preserver;  spectacles  of  colored  glass. 

Protective  glasses. 
Erholungsausdehnung  des  Gesichtsfelds.    (G.)    Widening  of  the  visual 

field. 
Ericeron.    Ericerum.    (L.)    A  collyrium  prescribed  by  ^tius,  probably 

made  from  a  species  of  Erica. 
Erigfne  de  Beer.     (F.)     Beer's  iris  hook. 

Erinus.  A  plant  mentioned  by  both  Pliny  and  Dioscorides,  but  which 
cannot  now  be  identified.  IMixed  with  honey,  it  was  used  in  epiphora. 
— (T.  H.  S.) 

Eriometer.  An  instrument  devised  by  Young  for  measuring  the 
diameter  of  fibres  or  minute  objects  by  the  colored  rings  produced 
by  their  diffraction  of  light. 

Erioxylum.     (L.)      (Obs.)     In  the  older  pharmacopoeias,  cotton-w^ool. 

Eristalis  tenax.  This  is  an  ocular  parasite  described  by  Reis  {Oph- 
thalmology, p.  152,  October,  1913)  as  having  been  removed  from  the 
conjunctival  sac  of  a  patient.  It  derives  its  name  from  its  surprising 
immunity  against  even  the  strongest  poisons,  flourishing,  the  author 
states,  in  the  mud  of  sulphur  springs  and  can  be  immersed  without 
perishing  in  a  saturated  solution  of  corrosive  sublimate  for  eight 
hours  and  in  ])uri'  foi'inalin  for  twelve  hours. 

Erithales  fruticosum.  (L.)  A  species  of  tree  found  in  the  West 
Indies.  The  resin  is  employed  in  nephritic  comi)laints;  the  wood  is 
used  by  tlie  natives  for  torches,  in  powder  as  a  perfume,  and  in 
decoction  for  ophthalmia  and  cholera  morbus. 

Eritropsia.     (It.)     Erythropsia. 

Erkaltung.     (G.)     Refrigeration  ;  chilling;  taking  cold. 

Erkennungszeichen.     (G.)     A  diagnostic  sign. 

Erkrankung.     (G.)     The  state  of  being  sick;  a  disease. 

Ermiidung.     (G.)     Fatigue ;  exhaustion. 

Ernahrung-.     (G.)     Nutrition,. 

Emahrungsstoff.     ^G.)      Nutritive  material. 

Ernia  totale  dell'  iride.     (It.)     Complete  hernia  of  the  iris. 

Eroffnung.     CG.)     An  opening;  foramen. 

Erpete.     (It.)     TIf'r])es. 

Er-Razi.    !^oe  Ar-Razi. 

Erregung.     (G.)     Stimulation. 
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Error  of  dispersion.  The  indistinctness  produced  in  the  outlines  of  an 
image  by  chromatic  aberration. 

Errors  of  refraction.    See  Refraction  and  accommodation  of  the  eye. 

Erscheinung.      {(i.)      Plienoiuenon,. 

Erschlaifung-  des  Thranensacks.  (G.)  Dacryocystatonia  or  atony  of 
tlie  lachrymal  sac. 

Ersetzen.     (G.)     To  replace. 

Erstarrung-.     (G.)     Rigidity. 

Ertrankung.     (G.)     Suicidal  or  homicidal  drowning. 

Ertrinkung.     (G.)     Accidental  drowning. 

Erwachsen.     (G.)     Adult. 

Erweichende  Mittel.     (G.)     Emollient  remedies. 

Erweichung.     (G.)     Softening. 

Erweiterer  der  Pupille.     (G.)     Dilatator  pupillfE. 

Erweiterung  der  Lidspalte.  (G.)  AVidening  of  the  interpalpebral 
space. 

Erworbener  Staar.     (G.)     Acquired  cataract. 

Erysipelas,  Ocular  lesions  of.  This  disease  is  a  specific  inflammation 
of  the  skin  and  subcutaneous  tissues,  characterized  by  redness,  swell- 
ing, edema  and  heat.  It  exhibits  a  marked  tendency  to  the  formation 
of  vesicles  and  blebs,  and  is  accompanied  by  more  or  less  febrile  dis- 
turbance. The  disease,  though  rarely  as  a  primary  affection,  has  been 
observed  with  relative  frequency  about  the  eye,  extending  as  a  rule, 
from  contiguous  areas  on  the  face  or  scalp. 

It  is  unusual  for  the  ophthalmologist  to  see  cases  at  the  incidence 
of  the  attack.  Commonly  he  sees  it  after  the  eruption  has  been 
preceded  by  a  more  or  less  distinct  prodromal  period,  lasting  variously 
from  a  few  hours  to  two  or  three  days,  during  which  there  may  have 
been  such  constitutional  disturbances  as  malaise,  chilliness,  nausea 
and  perhaps  vomiting,  with  a  moderate  rise  in  temperature,  followed 
by  rapid  appearance  of  the  eruption. 

As  found  about  the  eyelids  erysipelas  varies  in  its  appearance, 
depending  upon  the  varying  structures  of  the  skin  and  subcutaneous 
tissues.  It  may  consist  simply  of  an  erythema,  or  it  assumes,  very 
early,  a  phlegmonous  aspect,  and  is  accompanied  by  abscesses  in  the 
orbital  tissues.  In  ordinary  cases  the  lids  have  a  uniform  dusky-red 
color;  they  are  swollen  by  an  edema  which  extends  to  the  eyebrows 
and  cheeks,  usually  so  pronounced  as  to  make  it  impossible  for  the 
patient  to  open  the  eye,  and  difficult  for  the  surgeon  to  expose  the 
ball.  The  swelling  occupies  both  lids  and  extends  to  the  neighboring 
parts.  The  skin  is  glazed  and  shining,  the  border  may  be  slightly 
elevated ;  it  is  bright-red,  and  the  border  is  always  sharply-defined. 
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Because  of  the  texture  of  the  subcutaneous  tissues,  said  because  of  the 
anatomic  limitations  of  the  palpebral  structures,  the  disease  affects  the 
entire  area  of  the  surface  at  the  initial  outbreak,  so  that  one  usually 
does  not  see  the  disease  spread  by  extension  in  the  manner  frequently 
noticed  when  other  parts  of  the  body  have  been  affected.  At  the  same 
time  the  swelling  may  gravitate  from  place  to  place  in  the  loose 
palpebral  tissues ;  circumscribed  infiltration,  however,  is  absent.  On 
the  surface  there  may  be  the  formation  of  vesicles  or  blebs  which  may 
subsequently  become  purulent.  As  a  rule,  there  is  more  or  less  con- 
junctivitis. 

By  the  end  of  the  third  or  fourth  day  the  disease  has  reached  its 
height,  remaining  stationary  for  a  few  days,  when,  unless  complica- 
tions have  arisen,  it  subsides,  the  swelling  l)eeomes  less  pronounced, 
the  redness  becomes  bro^nlisll  or  brawny,  changing  rapidly  until  the 
natural  white  is  resumed.  The  constitutional  symptoms  abate, 
desquamation  ensues,  and  the  disease  is  over  in  from  ten  days  to  two 
or  three  weeks.  When  there  has  been  pronounced  vesiculation  or  bleb 
formation,  the  dry  crusts  resulting  drop  off,  leaving  a  faint  pitting  of 
the  red  surface  which  gradually  fades.  In  my  own  experience  the 
disease  has  remained  localized  to  one  side  in  the  majority  of  cases,  but 
not  infrequently  both  sides  are  affected. 

As  the  greater  number  of  cases  are  seen  at  dispensaries  or  in  one's 
office,  the  constitutional  symptoms,  as  observed  there,  are  not  usually 
severe.  In  spite,  however,  of  the  mildness  of  the  symptoms  in  sucli 
cases  the  disease  is  both  contagious  and  infectious.  The  infection  is 
now  believed  to  be  due  to  the  presence  of  the  streptococcus  of  Fehleisen, 
although  other  pyogenic  organisms  have  been  found.  Since  the  disease 
rarely  arises  as  a  primary  affection  in  the  eyelids,  usually  taking  its 
origin  from  slight  wounds  and  excoriations  at  the  angles  of  the  orbit, 
especially  tlie  inner,  it  may  ])e  that  it  arises  there  by  transmission 
through  the  lachrymal  passages.  This  supposition  is  borne  out  by  the 
fact  that  it  is  (juitc^  common  to  find  the  nasal  mucous  membrane 
affected  also,  and  to  find  the  sti-cptococci  in  the  nose. 

The  disease  rarely  attacks  tlie  young  or  the  aged.  It  is  more  com- 
mon between  the  twentieth  and  foi-tietli  years  of  age.  Anything  which 
depresses  or  weakens  the  vitalily  will  predispose  to  its  invasion;  there- 
fore poor  health,  exhausting  illness,  or  alcoholism  usiudly  precede  the 
infection.  Since  few  cases  are  seen  in  the  summer  months,  it  is  likely 
that  damp  weather  predisposes  to  the  occurrence. 

One  attack  of  the  disease  does  not  protect  against  other  attacks.  On 
the  contrary  an  attack  serves  as  a  predisposing  factor  towards  further 
outbursts,  probably  because  of  the  retention  of  microbes  wilhiii   the 
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ijilegumeul.  Siicccediiig-  attacks,  liowcvcr,  arc  seldom  as  severe  as 
the  priuiary. 

'I'lic  disease  is  a  (.iei'iiialitis  involving'  the  integument  and  deeper 
parts.  It  is  aeeompanied  by  serous  exudation  into  the  skin  and  sub- 
cutaneous tissues,  with  the  deposit  of  fibrin  and  dilatation  of  the 
blood  vessels  and  lymphatics  and  swelling  of  the  connective  tissue 
fibers. 

The  streptococci  may  enter  the  skin  to  greater  depths  and  invade 
the  lymph  spaces,  from  which  they  can  enter  the  general  circulation, 
and  thence  enter  the  globe  itself.  Vesicles  and  blebs  form  when  the 
exudation  has  been  rapid.  Repeated  attacks  are  apt  to  leave  a  perma- 
nent thickening  of  the  skin.  A  more  or  less  doughy  or  firm  edema 
not  infrequently  remains  a  long  time  after  erysipelas  of  the  lids.  This 
resolves  very  slowly,  but  in  the  end  disappears  without  leaving  a  trace. 
In  other  cases  the  skin  becomes  hypertrophied  and  the  solidity  con- 
tinues and  the  case  assumes  the  appearance  of  elephantiasis. 

The  chief  danger  of  this  affection  of  the  eyelids  is  the  likelihood 
of  infecting  the  tissues  of  the  orbit  and,  by  transmission  to  the  cranial 
cavity,  meningitis  taking  place  with  fatal  consequences.  Orbital 
abscess  has  been  observed  in  rare  cases,  A  more  frequent  finding  is 
simple  infiltration,  or  serous  soaking  of  the  orbital  contents,  producing 
more  or  less  proptosis.  In  this  event  implication  of  the  optic  nerve 
may  occur  with  papillitis  or  ischemia  from  compression  of  the  central 
vessels  of  the  retina,  terminating  in  atrophy  and  usually  in  complete 
blindness.  Other  cases  may  present  paresis  of  the  ocular  muscles,  as 
for  example  of  the  oculo-motor  or  of  the  levator.  Acute  inflammations 
of  the  lachrymal  gland  occur  quite  frequently,  and  abscesses  of  the 
frontal  sinus  may  occur  under  the  influence  of  erysipelas. 

Many  dermal  affections  are  commonly  spoken  of  as  "erysipelas" 
and  to  those  affections  have  been  ascribed  all  sorts  of  consequences; 
it  is,  however,  probable  that  a  large  number  of  cases  of  blindness  can 
be  ascribed  to  erysipelas  as  the  primary  cause,  for,  as  we  have  seen, 
there  are  many  affections  associated  with  erysipelas  of  the  eyelids, 
since  besides  the  dermal  lesions,  there  may  be  gangrene  of  the  sub- 
cutaneous and  orbital  tissues,  which  lead  to  ectropion  and  other  dis- 
tortions, and  adhesions  like  symblepharon  and  anklyloblepharon ;  phle- 
bitis of  the  orbital  veins  and  extension  to  the  cavenous  sinus  leading 
to  a  fatal  termination;  orbital  abscess  and  cellulitis  (which,  when  both 
sides  are  involved,  is  usually  fatal)  ;  exophthalmos  from  pressure  by 
the  extensive  edema  of  the  orbital  tissues;  paresis  of  the  extra-ocular 
muscles,  and,  from  compression  on  the  oculo-motor  nerves,  internal 
ophthalmoplegia.    Lachrymal  disease  occurs  quite  frequently. 
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It  must  not  be  forgotten  when  studying  eases  of  disease  of  the 
sinuses  adjacent  to  the  orbit,  to  consider  the  likelihood  of  a  previous 
attack  of  erysipelas  as  the  cause  of  the  sinusitis. 

The  eyeball  itself  may  be  atfected.  From  external  necrosis,  which 
is  secondary  to  the  infective  conjunctivitis,  the  cornea  may  ulcerate 
extensively,  and  perforate  with  the  involvement  of  the  iris  and  the 
setting  up  of  a  septic  uveitis.  In  the  scrapings  from  the  necrotic  area 
in  the  cornea  streptococci  have  been  found  in  great  numbers.  Metas- 
tatic iritis  and  irido-choroiditis  have  been  noted.  The  orbital  compres- 
sion may  give  rise  to  retinal  thi*ombosis,  ischemia  or  hemorrhage  and 
obliteration  of  the  retinal  vessels,  to  neuro-retinitis  and  optic  atrophy. 
The  other  eye  may  be  affected,  not  by  the  spreading  of  the  disease 
over  the  skin,  but  perhaps  by  phlebitis  and  by  way  of  the  cavernous 
sinus.    Such  cases  have  always  been  fatal. 

The  characteristics  of  erysipelas  of  the  eyelids  are  so  distinct  that 
the  diagnosis  is  rarely  attended  with  difficulty.  It  may,  however, 
be  confused  with  simple  erythema,  dermatitis  (essential,  or  venenata), 
eczema,  and  herpes  zoster.  The  points  to  be  considered  are  the  char- 
acter of  the  onset,  the  shining  redness,  the  swelling,  the  elevated, 
sharply-outlined  border,  and  the  accompanying  constitutional  disturb- 
ance. The  dermatitis  of  poison  ivy,  or  from  drugs,  lacks  the  sharp 
borders  and  is  free  from  constitutional  disturbance  and  is  not  localized, 
but  may  start  up  in  several  distant  points.  Erysipelas  is  rarely  marked 
by  itching,  whereas  it  is  a  common  symptom  in  eczema.  In  herpes  zoster 
the  affected  area  is  usually  confined  to  a  definite  area  in  the  distribu- 
tion of  the  trigeminal  nerve  and  never  crosses  the  median  line. 

.Mild  and  moderate  cases  of  erysipelas  usually  run  a  rapid  and 
favorable  course.  When  the  disease  extends  from  lid  to  lid  and  from 
eye  to  eye,  the  entire  course  may  occupy  several  weeks;  seldom,  how- 
ever, does  it  continue  for  more  than  a  month.  Deep-seated  cases, 
especially  when  septic,  occurring  in  debilitated  individuals,  particu- 
larly the  alcoliolic  or  those  with  nephritis,  must  be  looked  upon  as  of 
the  greatest  gravity.  When  the  general  symptoms  are  pronounced, 
with  high  fever  and  evidences  of  meningeal  involvement,  the  proba- 
bility of  a  fatal  termination  must  not  be  overlooked. 

While  erysipelas  may  give  rise  to  serious  inflammation  of  the  ocular 
appendages,  the  affection  is  said  to  possess  the  fortunate  property  of 
healing  certain  aft'ections  present  at  the  time  of  the  erysipelatous 
invasion.  (It  lias  been  said  to  have  cui-cd  an  otherwise  intractable 
dacryocystitis. j  Phlyctenular  disease  and  trachoma  likewise  have 
been  observed  to  exhibit  a  striking  improvement  after  erysipelas  of 
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the  lids.     And  irido-elioroiditis  and   i-ases  of   uveal  disease  have  re- 
eovered  spontaneously  after  erysipelas. 

The  remedies  prescribed  and  the  methods  of  treatment  of  erysipelas 
are  legion.  Each  case  must  be  regarded  in  its  general  and  in  its  local 
aspects.  When  we  consider  the  accepted  causative  factor,  the  applica- 
tion of  local  antiseptics  would  seem  to  be  all  that  is  requisite.  But  as 
most  cases  occur  in  the  debilitated,  stimulating  tonics  and  nourishing- 
food  are  necessary.  The  tincture  of  the  chloride  of  iron  combined 
with  quinine  has  long  been  believed  to  possess  specific  properties. 
Strychnine  and  alcohol,  especially  in  the  debauched,  may  be  required 
to  support  the  system.  In  grave  cases  frequent  injections  of  anti- 
streptococcic serum  have   given  favorable   results. 

Among  the  many  local  applications  recommended,  hot  saturated 
aqueous  solutions  of  magnesium  sulphate  have  given  the  best  results 
in  my  own  practice,  applied  by  compresses  continuously  or  for  half- 
hour  periods  three  or  four  times  a  day.  Carbolic  acid  ointment,  one 
per  cent. ;  boric  acid  salve ;  ointment  of  ichthyol.  Painting  the  border 
wdth  tincture  of  iodine  or  strong  solution  of  nitrate  of  silver  are  advo- 
cated and  believed  to  have  specific  action  on  the  streptococcus. 

Abscesses  and  phlegmonous  involv-ement  of  the  orbit  require  surgical 
procedures.  The  orbit  should  be  tapped  without  delay  to  reduce  the 
danger  to  the  vision  as  w^ell  as  to  protect  it  from  the  effects  of  the 
deeper  invasion. —  (B.  C.) 

Erysipelatous  conjunctivitis.  The  inflammation  of  the  palpebral  and 
sometimes  of  the  ocular  conjunctiva  which  accompanies  erysipelas  of 
the  face. 

Erjrthema,  Belladonna.  A  form  of  the  disease,  due  to  overdoses  of 
belladonna,  resembling  the  rash  of  scarlatina.  It  is  not  followed  by 
desquamation.    See  Toxic  amblyopia. 

Erythema,  Multiform.  Multiple  exudative  erythema.  Polymorphous 
ERYTHEMA.  A  fomi  of  skin  disease  presenting  a  great  variety  of  bullae, 
nodules,  papules,  etc.,  surrounded  by  reddened  dermal  areas. 

R.  Salus  (Klin.  MonaisU.  f.  Augenheilk.,  p.  30,  Jan.,  1912)  believes 
that  one  form  of  croupous  conjunctivitis  is  really  a  conjunctival  multi- 
form erythema.  Often  the  conjunctivitis  is  the  first  symptom,  and 
precedes  the  eruption  on  the  skin.  It  may  occur  in  three  forms, 
catarrhal,  croupous,  or  nodular  conjunctivitis.  The  polymorphous 
erythematous  process  may  also  affect  the  cornea,  either  in  a  papulous 
or  a  vesicular  form. 

V.  Beneclek  and  Miiller  (Zeitschr.  f.  Augcnh.,  Vol.  24,  p.  81,  1910) 
examined  a  man,  34  years  of  age,  suffering  from  an  atypical  variety 
of  exudative  multiform  erythema.     Several  ill-defined,  purplish,  con- 
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fluent,  flat  nodes  were  present  at  the  limbus  in  the  right  eye  and  in  the 
fissural  space  of  the  left  eye.    There  were  no  epithelial  changes. 

Two  cases  of  episcleritis  in  the  course  of  erythema  multiforme  were 
reported  by  Toulant,  Chevalier  and  de  Jong  {A)i}i.  d'OcuL,  Vol.  150, 
p.  209,  1912),  which  were  bilateral,  with  discrete  and  distinct  super- 
ficial conjunctival  lesions.  All  were  concomitant  witli  the  skin  lesions 
of  this  affection. 

Terson  {Bulletins  de  la  Soc.  Beige  d'Ophtal.,  Apr.,  1912)  points  out 
that  of  the  polymorphous  erythemata,  the  papular,  nodular,  macular 
and  bullous  all  produce  distinctive  ocular  lesions. 

The  papular  variety  shows  enormous  wheals,  symmetrically  occupy- 
ing the  exposed  portion  of  the  globe ;  these  violet-colored  elevations 
appear  and  disappear  in  a  few  days  without  leaving  any  trace. 

In  the  nodular  erythema  the  nodosities  are  still  more  dense,  are 
much  slower  in  disappearing,  but  easily  return,  in  this  respect  re- 
sembling the  original  malady. 

The  author  reported  a  case  of  nodular  erythema  attacking  the 
eyebrows  and  eyes  of  a  tubercular  subject.  It  is  well  known  that 
nodular  erythema  is  frecjuently  encountered  as  an  early  sign,  or  is 
concomitant  to  tuberculosis,  and  on  that  account  should  not  be  over- 
looked. The  author  also  cited  another  tubercular  case  in  which 
sclerosing  keratitis  appeared,  and  without  any  other  ocular  lesion, 
although  the  patient  had  erythema  maculosa. 

In  the  vesicular  form,  enormous  bullffi  are  often  produced  upon 
the  mucous  membranes  (mouth,  lips  and  tongue)  and  upon  the  con- 
junctiva. This  affection  is  generally  cured  without  corneal  complica- 
tions and  without  retracted  conjunctival  cicatrices.  He  tells  us  we 
should  be  careful  in  making  a  differential  diagnosis  between  the 
bullous  form,  benign  to  the  eye,  and  pemphigus  which  is  serious, 
terminating  in  sym])lepharon  and  blindness. 

The  author  states  that  these  diverse  ocular  manifestations  were  but 
little  known  before  his  works,  which  were  publislied  twenty  years 
•  ago,  and  the  thesis  of  Beaudonnet  (1894),  which  had  inspired  him. 
He  mentioned  other  writings  which  have  since  appeared  and  eonehided 
by  mentioning  a  case  of  acute  bilateral  glaucoma  in  wliich  tliere 
appeared  during  the  first  days,  successively  to  each  eye,  a  crop  of 
recurring  nodular  erytliema.  (OphtJialmolofHf,  p.  227,  Jan.,  1913.) 
Erythema  nodosum.  Multiple,  from  five  to  fifteen,  raised,  rosy  patches, 
round  or  oval,  from  one-half  to  three  inches  in  dianielci-.  Tliey  may 
develop  suddenly,  often  attacking  the  skin  covering  tiie  region  of  both 
tibiae  or  the  ulnar  side  of  the  forearms.     They  are  exquisitely  tender, 
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tense  and  sliiiiing.     The  eoudition  eliiclly  oeenrs  in  children  and  deli- 
cate young  women. 

This  dermal  affection  has,  though  very  rarely,  ocular  relations.  For 
example,  in  a  case  of  iritis  in  both  eyes,  reported  by  Lurie  {ZeitscJir. 
fiir  Augenltvilk.,  Vol.  24,  p.  458,  1910)  the  iridic  intiammation  was 
three  days  before  preceded  by  a  well-marked  attack  of  erythema 
nodosum.  The  iritis  differed  in  several  particulars  from  that  which 
occurs  in  rheumatism,  of  which  this  disease  is  a  congener :  the  tempera- 
ture was  higher,  the  ocular  affection  was  double,  which  is  not  usually 
the  case  in  rlieumatism,  and  it  preceded  the  general  affection.  The 
author  lays  stress  on  the  excessive  sensibility  to  pressure  over  the 
ciliary  region  wliicli  was  present  from  the  commencement  of  the 
disease. 

Erythema  of  the  lid.  Simple  erythema.  A  redness  of  the  skin,  due 
to  various  causes,  that  may  be  made  to  disappear,  temporarily  at 
least,  by  pressure.  As  it  affects  the  eyelids,  it  may  result  from 
slight  burns,  atropin,  iodoform  and  other  toxic  agents.  See,  also, 
Dermatitis,  Ocular  relations  of. 

Erythema,  Polymorphous.    See  Erythema,  Multiform. 

Erytheme  excentrique.  (F.)  A  variety  of  annular  erythema,  most 
coinnionly  observed  upon  the  cheeks  and  chin,  in  which  a  small  erythe- 
matous patch  extends  at  the  periphery  while  in  the  centre  it  presents 
the  appearance  of  a  superficial  cicatrix.  A  similar  form  described  by 
Devergie,  affects  the  tip  of  the  nose  and  the  ends  of  the  fingers,  and 
generally  follows  severe  fevers.    It  may  also  extend  to  the  eyelids. 

Erythrean.     Of  a  red  or  reddish  color. 

Erythremia.  Va^uez's  disease.  A  condition  in  which  arterial  blood 
circuhites  in  the  venous  system.  A  complete  account  of  this  rare 
and  curious  disease  is  given  by  Dupuy-Dutemps  and  Lutembacher 
(Annales  d'Ocul.,  Vol.  148,  August,  1912).  A  review  of  the  article 
appears  in  the  Ophihalmic  Eevieiv  (March,  1913)  by  W.  C.  Souter. 
The  patient  was  a  man  of  53,  "without  special  antecedents."  At  39 
he  had  a  sudden  stroke  followed  by  left  hemiplegia  and  right  hemian- 
esthesia, including  the  face.  The  paralysis  lasted  some  months  but  the 
sensory  defect  three  years.  At  41  he  had  albuminuria.  At  44  the 
man,  previously  pale-complexioned,  began  to  develop  more  and  more  of 
a  red  color,  and  he  had  some  hours'  bleeding  after  teeth  extraction. 
At  49  a  large  hematoma  developed  on  the  shoulder  from  the  recoil  of 
a  fowling  piece.  He  kept  in  bed  on  this  occasion,  and  had  in  his  feet 
acute  pains  with  all  the  characters  of  erythromelalgia  with  swelling 
and  local  cyanosis.  Since  then  these  pains  have  recurred  in  crises.  At 
50   considerable   splenomegaly  was  already  present,   the   edge   being 
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distant  4  em.  from  the  iimbilieiis.  At  51,  on  the  occasion  of  a  rather 
sharp  movement  a  voluminous  hematouui  developed,  and  fresh  painful 
crises,  very  violent  and  more  diffuse,  occurred.  In  October,  1910, 
the  red  cells  were  4,800,000 — the  anerythremic  phase.  On  December 
15,  1910,  the  red  cells  were  6,000,000,  white  cells  14,000,  Hb  110, 
diameter  of  reds  7|ii.  On  January-  19,  1911,  reds  8,000,000.  Spleen 
had  reached  umbilicus;  fresh  painful  crises;  albuminuria  7  grms. 

He  was  seen  on  May  7th,  1911 — erythrosis  of  all  the  face,  feet  and 
hands  bluish,  lips  and  tongue  of  an  intense  red-wine  color,  conjunctiva? 
injected.  Spleen  enormous,  measuring  22  to  39  cm.  Liver  extended 
three  fingers'  breadths  below  the  short  ribs.  No  glandular  enlarge- 
ments. Gums  spongy,  digestion  upset,  obstipation.  Lungs  and  heart 
normal ;  as  is  usual,  curiously  enough  in  these  cases,  no  sign  of  dilata- 
tion or  hypertrophy.  Urine  normal  except  for  3.30  gr.  of  albumin  in 
24  hours.  Nervous  system  normal  except  for  an  exaggeration  of  the 
left  reflexes  and  a  slight  hypesthesia  on  the  right.  He  had  no  complaint 
of  his  eyes  and  his  vision  was  normal  in  each. 

As  seen  by  Thorner's  ophthalmoscope,  the  papilla  has  its  contour 
quite  defined,  and  its  color  more  marked  than  normal,  but  there  is 
nothing  striking  here.  The  arteries  have  their  normal  calibre  and 
their  color  is  not  appreciably  altered.  No  retinal  hemorrhages  in  this 
case.  The  veins,  however,  are  markedly  increased  in  volume  and  at 
once  attract  attention.  No  varicosities  nor  tortuosities  seen,  although 
such  are  common  enough  in  this  condition.  The  abnormally  dark  tint 
is  most  marked  in  the  larger  vessels  and  the  normal  tint  is  approached 
in  the  smaller  branches.  The  tint  is  probably  due  both  to  the  increased 
amount  of  blood  in  the  distended  vein  and  to  the  increased  number 
of  red  cells,  even  although  the  normally-sized  arteries  show  no  appre- 
ciable change  of  tint. 

In  congenital  cijanosis  there  is  no  vascular  dilatation,  and  the  relative 
calibres  remain  unaltered,  but  by  the  arteries  luiving  a  deeper  tint 
the  contrast  between  arteries  and  veins  is  reduced.  In  erythremia  the 
red  cells  keep  their  noi-iiial  characters,  but  the  volume  of  the  blood 
may  be  doubled  oi-  even  trel)l('d  and  yet  there  is  no  cardiac  hypertrophy 
nor  elevation  of  arterial  tension.  The  excess  of  blood  is  accommodated 
apparently  in  the  subcutaneous  and  visceral  veins.  The  marrow  of 
the  long  boties  shows  great  erythroblastic  activity.  Close  inspection 
shows  that  the  skin  presents  a  fine  network  of  dilated  vessels  which 
help  to  give  the  unusiud  tint.  The  erythrosis  is  unetpially  distril)ute(l, 
being  present  especially  on  the  face  and  extremities,  where  the  skin  is 
more  transparent  and  vascular.  Migraine  of  the  classical  type  and 
vertigo  closely  resembling  Meniere's  disease  are  not  infreciuent.     The 
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enlarged  liver  has  a  peculiarly  soi't  feeling.  The  pains  are  very  char- 
acteristic, they  commence  abruptly,  are  seated  often  in  the  lower  limbs, 
may  be  very  intense,  more  marked  at  night,  being  aggravated  by  the 
horizontal  decubitus  and  the  warmth  of  bed.  Purpuric  spots  may 
appear  in  the  skin,  and  hemorrhages  and  thromboses  occur  freely,  the 
gums,  stomach,  bowels,  and  l)rain  being  affected.  See,  also.  Cyanosis 
of  the  eye. 

Erythrochloropia.  Erythrochloropy.  A  rare  variety  of  color-blind- 
ness in  wliich  there  is  inability  to  distinguish  colors  other  than  red 
and  gi'een. 

Erythrocytometer.  An  instrument  for  estimating  the  number  of  red 
blood  corpuscles. 

Erythroid.     Of  a  ruddy  color. 

Erythromelalgia.  A  term  applied  by  Weir  Mitchell  to  a  condition 
sometimes  called  "red  neuralgia."  It  is  a  terminal  neuritis,  a  variety 
of  chronic  dermatalgia,  characterized  by  burning  and  aching  pain  of 
a  part,  usually  of  one  or  more  extremities,  intensified  by  warmth  and 
accompanied  by  flushing  and  local  fever. 

Erythromelas.     (L.)     Marked  with  red  and  black. 

Erythrcphlein  hydrochloride.  This  compound  is  a  salt  of  an  alkaloid 
from  the  bark  of  Erijthroplihnm  guinense,  or  sassy  bark.  It  is  a 
yellowish-white,  amorphous  powder,  soluble  in  water  and  alcohol.  It 
resembles  digitalis  in  its  general  action  but  locally  is  an  anesthetic  and 
has  been  used  as  such,  as  well  as  to  relieve  irritative  symptoms  about 
the  eyes  in  0.05  to  0.25  per  cent,  aqueous  solution. 

By  dropping  into  the  normal  conjunctival  sac  or  by  applying  to 
the  cornea  a  drop  of  a  0.125  per  cent,  solution  of  this  salt,  slight 
anesthesia  and  a  corneal  haze  are  produced,  while  well-marked  colored 
rings  are  seen  around  flames.  This  physiological  experiment  imitates 
and  realizes  the  early  conditions  observed  in  some  forms  of  glaucoma 
in  which  iridescent  vision  is  produced.  It  is  due,  as  Treacher  Collins 
has  shown,  to  a  slight  disturbance  of  the  anterior  epithelium,  the  first 
stage  of  that  edema  of  the  cornea  which  in  genuine  glaucoma  may  go  on 
to  permanent  corneal  cloudiness.  In  both  the  experimental  and  the 
genuine  glaucomatous  iridescence  the  red  ring  is  outermost. 

Erythrophobe.    An  animal  to  which  red  light  is  objectionable. 

Erythrophobia.  (L.)  Intolerance  of  the  red  color  in  the  spectrum: 
an  occasional  symptom  occurring  after  extraction  of  cataract. 

Erythrophthalmia.  (L.)  (Obs.)  Inflammation  of  the  eye  accom- 
panied by  decided  redness. 

Erythrophthalmus.     (L.)     In  zoology,  having  red  eyes. 

Eiythrophytoscope.     Erytbroscope.     A  sort  of  eye-glass  consisting  of 
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a.  l)lue  glass  superimposed  upon  one  slightly  tiuted  with  copper  oxide. 
It  has  the  effect  of  making  the  green  of  leaves  appear  red.  Also,  a 
kind  of  optical  instrument  used  in  examining  light  reflected  from 
different  bodies. 

Erythropia.  A  condition  in  Avhich  objects  appear  as  if  colored  red. 
See  Erythropsia. 

Erythrops.     {h.)     In  zoology,  having  red  eyes. 

Erythropsia.  Red  vision.  An  abnormality  of  sight,  either  uniocular  or 
binocular,  which  causes  all  objects  to  appear  red.  It  often  follows 
after  dazzling  by  light  reflected  from  snow;  it  also  occurs  in  aphakia 
and  in  some  forms  of  optic  atrophy. 

The  causation  and  nature  of  erythropsia  due  to  dazzling  has  been 
studied  experimentally  by  Vogt  (Arch.  f.  Augenh.,  Vol.  60,  Pt.  1,  1908), 
by  the  use  of  sunlight  and  the  incandescent  electric  light.  He  finds 
it  occurs  much  more  frequently  than  was  hitherto  supposed ;  that 
slight  degrees  of  it  may  be  regarded  as  a  physiologic  effect  of  looking 
at  any  glowing  light.  To  bring  it  out  in  these  lower  degrees,  one  eye 
should  be  su])jected  to  the  influence  of  the  light,  and  the  other  kept  in 
darkness  for  purposes  of  comparison.  He  thinks  erythropsia  does  not 
depend  on  exhaustion  of  the  fluorescence  of  the  lens  to  ultra-violet 
rays,  and  consequent  damage  to  the  retina  by  the  jiassage  of  these  rays, 
as  suggested  by  Sclianz  (Bericht  dcr  Opli.  Gescllsch.,  35,  1908).  It 
appears  after  much  too  short  an  exj)osure  to  be  due  to  such  a  change. 
Still  he  found  tliat  the  blue-green  rays  produced  the  least  erythropsia, 
and  that  red-green  col()r-])]ind  persons  experienced  the  same  effects 
as  those  with  normal  sight. 

The  first  authentic  description  of  red-vision  following  cataract 
operation  occurred  in  175.3.  Pathological  forms  of  red-vision  have 
been  described  by  a  miinber  of  investigators;  tiiat  form  in  connection 
with  the  gradual  fading  away  of  the  color;  red-vision  in  connection 
with  other  forms  of  illness.  In  one  case  the  anomaly  was  one- 
sided, lasted  for  two  and  a  half  years,  and  disappeai'ed  after  treat- 
ment by  "animal  magnetism."  A  case  of  red  and  givM-n  vision  in 
an  epileptic  has  also  been  described.     See,  also.  Colored  vision. 

Erythropsin.  An  organic  substance  in  the  retiiui.  In  tlie  presence 
of  liglit  it  is  believed  to  form  different  combinations,  const iluting 
color-perceptiiin.     It  is  also  called  visual  purph  aiid  rJwdopsiu. 

Erythroxylin.     See  Cocaine. 

Erythroxylon  coca.  Cvc.\.  TTayo.  Ipaado.  According  to  Merck's 
hi(l(  r,  this  agent  is  obtained  from  the  dried  leaves  of  a  South  Ameri- 
can plant  commonly  known  as  Truxillo  coca.  It  derives  its  name  from 
the   color   of   the   wood.      It    contains   coi-ain,   bi^nzoylecgonine    and    a 
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number  of  resinoids.  Apart  from  its  use  in  obtaining  cocain,  it  is 
given  in  doses  of  from  1  to  4  grams.  There  is  also  a  fluid  extract,  the 
dose  of  wliich  is  from  20  to  60  minims. 

Esame  deU'occhio.     (Jt.)     Examination  of  the  eye. 

Escavazione  fisiologica.     (It.)     Physiological  excavation. 

Escharotics.  Agents  that  applied  to  the  tissues  destroy  them  and 
produce  a  slough  or  eschar.  A  useful  escharotic  is  zinc  chloride 
paste,  sometimes  employed  for  the  removal  of  epitheliomata,  tuber- 
cular growths,  warts,  and  other  superficial  tumors  of  the  lid-skin. 
See,  also.  Caustics. 

Esciorcin.     See  Escorcin. 

Esciorcinol.     Same  as  Escorcin. 

Escorcin.  Esciorcin.  Escorcinol.  JEscorcin.  C9H8O4.  This  agent 
is  a  product  of  esculetin  by  tlie  action  of  sodium  amalgam.  It  dissolves 
in  alkalies  (the  green  color  changing  to  red)  and  is  then  used  in 
detecting  corneal  defects  and  lesions  of  the  conjunctival  epithelium. 
According  to  Frolieh  a  single  drop  of  a  20  per  cent,  solution  is  the 
best  test  for  corneal  ulcers  and  abrasions  as  the  red  color  of  the  alkaline 
escorcin  solution  shows  more  plainly  on  the  cornea  than  the  green  of 
fluorescein. 

Escorcinol.    See  Escorcin. 

Esculin.  Tbis  active  principle  is  obtained  from  the  bark  of  Esculus 
hippovustanum — the  horse-chestnut.  It  appears  as  white  crystals  with 
a  bitter  taste,  solutions  being  faintly  blue  and  fluorescent.  Given  in 
large  (juantities  it  has  been  known  to  give  rise  to  symptoms  similar  to 
tlios(-  of  belladonna  poisoning. 

Esculine  glass.  Protectives  (plane  and  lenticular)  made  from  this 
glass  are  much  used  in  France  under  the  name  "Verres  a  I'Esculine." 
It  is  claimed  that  this  very  slightly  tinted  glass  protects  the  eye  against 
glaring  better  than  Fieuzal,  yellow,  or  other  form  of  colored  glass. 
Esculine,  l)elieved  to  be  capable  of  intercepting  ultra-violet  rays  and  not 
interfering  with  the  i^assage  of  the  red  or  visual  rays,  is  cemented 
between  two  layers  of  slightly  tinted  or  neutral  glass.  These  glasses 
were  presented  to  the  Societe  Frangaise  d'OpJitalmologie,  March  27, 
1906. 

Eselsgurke.    The  squirting  cucumber. 

Esere.     (F.)     The  Physostigma  venowsum. 

Eseridine.  This  miotic  alkaloid  is  found  associated  with  eserine  in 
C'alal)ar  bean.  Its  formula  is  Ci-,IIo..N;.Oo  and  it  occurs  as  colorless 
crystals,  soluble  in  alcohol  and  ether.  Its  action  resembles  that  of 
eserine  but  it  is  only  one-sixth  as  powerful.  There  is  also  a  tartrate  of 
eseridine,  a  white  powder  soluble  in  water. 
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Eserin.  Physostigmin.  According  to  AVood's  System  of  Ophthalmic 
Therapeutics  this  poisonous  alkaloid,  obtained  from  Phijsostigma  vene- 
nosum,  or  Calabar  bean,  is  found  in  commerce  a.s  a  white,  cry^stalline, 
hygroscopic  powder  (CijHoiN.Oo),  and  was  introduced  into  ophthalmic 
surgery  in  1870  by  Laqueur.  Exposed  to  air  and  sunlight  it  decom- 
poses, turns  red  and  should,  consequently,  be  preserved  in  sealed  glass 
tubes.  Similar  changes  occur,  more  or  less  completely,  in  solutions  of 
all  its  salts.  The  commonest  of  these  are  the  sulphate  (acid  and 
neutral)  hydrochloride,  nitrate,  borate,  citrate  and  the  salicylate,  the 
first  being  generally  preferred,  although  the  last  is  less  irritating  and 
quite  as  efficient. 

It  has  been  pretty  well  demonstrated  in  late  years  that  the  old  salts 
of  eserine  are  practically  of  equal  value  to  the  new,  and  it  is  proved 
that  eserine  salts  do  not  suffer  in  efficacy  with  the  course  of  years. 

Not  only  does  eserine  produce  miosis  as  the  result  of  contraction  of 
the  pupil  sphincter  but  it  causes  a  temporary  spasm  of  the  ciliary 
muscle,  increasing  the  accommodative  force  and  separating  the  punctum 
remotum  from  the  punctum  proximum.  Its  chief  clinical  use,  how- 
ever, is  in  the  treatment  of  peripheral  ulcer  of  the  cornea  and  to  reduce 
the  intraocular  tension,  especially  its  abnormal  rise,  in  glaucoma. 
Schmidt-Rimpler  advises  its  use  as  a  half  per  cent,  solution  from  2  to 
6  times  daily.  As  long  as  central  vision  does  not  decline  and  the 
visual  fields  show  no  diminution  in  size  this  local  medication  (or  that 
by  piloearpin  or  arecolin)  should  be  continued  and  no  surgical  pro- 
cedure undertaken. 

It  is  not  yet  clear  how  this  reduction  of  tension  is  brought  about, 
the  commonly  accepted  explanation  being  that  during  the  miosis  the 
stretching  of  the  iris  permits  of  a  readier  exosmosis  of  the  intra-ocular 
fluids. 

American  patients  seem  very  susceptililc  to  the  irritation  that  follows 
the  use  of  eserin  (especially  of  tlie  sulphate)  and  it  cannot  be  used  in 
the  doses  (^/o  to  1  per  cent.)  generally  prescribed  by  European  writers. 
This  difficulty  may  be  avoided  by  giving  the  drug  in  smaller  propor- 
tions as  an  oily  solution  or  in  the  form  of  ointment.  Another  plan  is 
to  instil  it  in  conjunction  with  cocain  or  after  cocainizing  the  eye.  This 
procedure  not  only  relieves  the  pain  but  increases  the  miotic  action  of 
the  drug.  The  Editor  has  used  for  several  years:  Cocain.  mur.,  gr.  j; 
Eserin  sulph.,  gr.  ss;  Aquae  dest.,  fid.  .ij.  The  eye  to  be  kept  closed 
for  20  minutes  after  using. 

Eserin  lamelhe  with  cocain  also  act  satisfactorily.  Often  the  salicy- 
late is  tolerated  wlicn  1lif  sulphate  or  the  pure  alkaloid  is  found  too 
irritating. 
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In  addition  to  the  employment  of  some  form  of  cautery  in  spreading 
or  deep  ulcer  of  the  cornea,  deWecker  believed  that  there  was  no  agent 
more  prompt  in  eftecting  a  cure  than  subconjunctival  injections. 
Among  other  remedies,  he  recommended  the  following,  fifteen  drops 
of  which  should  be  injected  beneath  the  conjunctiva  as  near  the  ulcer 
as  possible:  Hydrarg.  bichlor.,  0.015  (gr.  i/i)  ;  Eserine.  salicylatis, 
0.05  (gr.  i)  ;  Aquffi  dest.  100.00  (fl.  5iiiss). 

The  Editor  has  not  been  able  to  verify  the  classic  contention  that 
eserine  is  superior  to  atropia  in  peripheral  corneal  ulcer  and  that  the 
hdter  remedy  should  be  preferred  in  central  keratitis  but  it  is  men- 
tioned here  as  taught  liy  many  authorities. 

Schmidt-Rimpler  gives  the  following  prescription  for  the  use  of  the 
salicylate :  Eserin.  salicylatis.,  0.05 ;  Hydrarg.  bichlor.,  0.002 ;  Sudii 
chlor.,  0.01 ;  Aqua?  dest.  10.0. 

It  is  well  to  remember  that  a  drop  of  a  one-tenth  per  cent,  eserin 
solution  in  castor  oil  materially  aids  the  recovery  from  the  cycloplegia 
and  mydriasis  following  the  use  of  homatropin,  mydrin  and  other 
drugs  employed  for  the  determination  of  the  refractive  condition. 

Woelfiflein  {Klin.  Monatdd.  f.  Angenheilk.,  March,  1913)  shows  how 
eserin  solutions  can  be  prevented  from  turning  red.  A  minimum 
amount  of  alkali  suffices  to  transform  eserin  into  rubreserin,  which  in 
neutral  solution,  is  constant,  in  alkaline  solution  is  converted  into  phy- 
sostigmin  blue.  Solutions  of  salicylate  or  sulphate  of  eserin  turn  red  in 
consequence  of  the  alkaline  content  of  the  glass,  aided  by  a  very  small 
percentage  of  alkaline  salts  in  distilled  water,  and  access  of  light  and 
air.  Therefore,  a  container  should  be  used  which  is  as  much  as  possible 
free  from  alkali,  and  light  should  be  excluded.  In  this  respect,  the 
glass  of  Schott,  especially  fiolax  glass,  is  preferable  to  quartz  glass ;  or 
the  bottle  should  be  given  a  coat  of  paraffin,  or  the  eserin  solution  be 
kept  in  a  metal  bottle,  e.g.,  of  zinc. 

Kaz  {Klin.  Mmiatshl.  f.  Augenlieilk.,  March,  1912)  believes  that 
corneal  ulceration  resisting  the  atropin  treatment  will  quickly  yield  to 
the  use  of  eserin,  used  in  the  form  of  eserin-xeroform  mixture.  He 
thinks  that  atropin  should  only  be  used  when  there  is  involvement  of 
the  iris,  and  even  then  it  should  be  used  in  conjunction  with  the  eserin. 
The  mixture  suggested  consists  of  eserin  0.01,  xeroform  0.06,  vaselin  fl. 
2  to  3  gramme. 

Casali's  {Annali  di  Ottal.,  Vol.  40,  p.  544)  practice  in  the  treatment 
of  keratitis  with  hypopyon  is  first  to  treat  any  underlying  condition 
of  the  lachrymal  passages ;  then,  after  antiseptic  irrigation  of  the  con- 
jimctival  sac,  and  provided  there  is  not  a  marked  inflammation  of  the 
iris,  to  introduce  an  eserin  pomade  of  0.5  to  0.75  per  cent,  strength, 
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and  to  bandage  the  eye  for  twenty-four  hours.  If  at  the  end  of  this 
time  the  condition  has  improved,  the  eserin  is  repeated  until  the  hypo- 
pyon has  disappeared  and  the  ulcer  has  become  clean,  after  which 
atropin  is  used.  If  after  the  first  use  of  eserin  improvement  does  not 
come,  atropin  is  at  once  resorted  to.  Of  100  cases  treated  with  eserin, 
sixty-nine  were  cured  without  recourse  to  other  measures.  In  the  rest 
of  the  cases  satisfactory  results  were  seldom  obtained  by  any  method. 
The  author  accepts  Guaita's  explanation  of  the  favorable  action  of 
eserin  as  due  to  stimulation  of  the  fifth  nerve. 

Fuhrmann  asserts  that  eserin  may  set  up  an  amblyopia  in  the  form 
of  a  disturbance  of  vision,  caused  hy  the  contraction  of  the  pupil  and 
the  approximation  of  the  near  and  the  far  points.  Temporary  blind- 
ness in  cases  of  general  poisoning  by  physostigmine  has  in  a  few 
instances  been  reported  without  further  particulars,  and  fugitive 
amblyopia  is  said  to  have  followed  injections  of  pilocarpine. 

Eserinum.     (L.)     Eserine. 

Esocataphoria.  This  term  has  been  used  to  indicate  the  tendency  of 
the  visual  line  to  curve  inward  and  downw^ard. 

Esoche.      (F.)     Internal  hemorrhage. 

Esoftalmo.     (It.)     Exophthalmos. 

Esohyperphoria.  Excessive  esopboria,  or  an  oculomuscular  imbahmce 
exbi))iting  ])oth  esophoria  and  hyperphoria. 

Esophoria.  Tending  of  the  visual  lines  inward.  There  is  an  esoplioria 
which,  because  of  its  nature,  may  be  called  ''true,"  or  "intrinsic;" 
while  another  form  should  be  termed  "pseudo."  The  one  kind  is 
entirely  distinct  from  1he  otlier,  and  yet  tlie  two  often  coexist,  the 
one  being  grafted  on  to  the  other.  Whatever  may  ])e  tlie  kind  of 
esophoria,  there  is  a  tendency  on  the  part  of  the  intend  alone,  or  with 
the  aid  of  their  synergists,  to  converge  the  visual  axes  at  a  point 
])etween  the  obsei'ver  and  the  object  fixed  ;  but  this  too  near  intersection 
of  the  visual  axes  is  prevented  by  excessive  nerve  impulses  sent  to  tlie 
antagonizing  muscles,  increasing  their  tension  abnormally.  In  the 
interest  of  binocular  single  vision  the  too  great  inherent  tension  of  the 
interni  is  counteracted  by  a  corresponding  nervous  tension  of  the 
externi. —  (G.  C.  S.)     See     Muscles,  Ocular. 

Esophoria,  Pseudo.     Sec  Pseudoesophcria. 

Esorhinus.  II;iving  an  angU;  of  l)ctwren  20°  and  0°,  formed  by  the 
intersection,  at  the  punctum  naso-frontale  of  two  lines,  the  one  drawn 
from  the  jm  net  it  in  /ircinaxillare  and  tbe  other  from  the  punctum 
forfnninis  iiicisivi  \o  \\\r  \\ys,t-r\ame(]  puinl.    Sec     Ethnology. 

Esotropia.  CoNVERiiioNT  sik  ap.ismus.  Crossed  eyes.  Convkrckxt 
>i,'i  1X1'.  Scf  pMgc  :V2'.)1.  \'()1.  V,  of  tliis  Eiieycloprdia :  also  Muscles, 
Ocular. 
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Esox  lucius.  Tlif  foiunioii  pike.  'Vhv  liver  yields  an  oil  {oleum  liicii 
piscLs)  Avliii'h  was  formerly  einployetl  lo  disperse  opacities  of  the 
oornea. 

Esprit  ophtalmique  de  Himley.  (F.)  A  solution  in  1/2  oz.  of  alcohol, 
of  6  drops  each  of  balsam  of  Peru,  oil  of  lavender,  oil  of  cloves,  and 
oil  of  amber;  used  as  an  embrocation  in  eye  pains  and  other  ocular 
symptoms. 

Essence  of  lemon.  In  the  early  days  of  Columbian  spirits  poisoning 
some  manufacturers  of  essences,  Jamaica-ginger,  etc.,  weve  in  the 
habit  of  substituting  that  form  of  wood  alcohol  for  grain  spirits. 
For  example,  Dunn  (Virginia  Med.  Semi-Monthly,  January  25,  1900) 
gave  an  account  of  a  19-year-old  boy  who  drank  two  bottles  of 
Jamaica-ginger  with  lemon  essence.  This  was  followed  by  the  usual 
symptoms — optic  neuritis  and  blindness — as  has  since  been  the  case 
in  a  number  of  other  instances  of  methylated  essence  poisoning  in 
America.     See  Methyl  alcohol ;  Toxic  amblyopia ;  Columbian  spirits. 

Essential  atrophy  of  the  conjunctiva.  Pemphigus  xerosis  conjunc- 
tivae. Under  this  term  are  included  all  those  changes  in  the  con- 
junctiva associated  with  hardness  and  dryness  of  the  lining  membrane 
of  the  lids.  The  reader  is  referred  to  the  various  synonyms  above 
given. 

Essential  nystagmus.  A  malady  of  occupation;  commonly,  miner's 
nystagmus. 

Essential  sclerosis  of  the  cornea.  According  to  Nuel  (System  of  Dis- 
eases of  the  Eye,  Vol.  4,  p.  242)  this  term  includes  the  macukp  that 
are  consecutive  to  pannus  and  to  parenchymatous  keratitis,  also  those 
which  result  from  vegetations  of  the  corneal  endothelium,  and  finally 
opacities  that  originate  in  irido-cyclitis  and  in  scleritis.  Under  the 
name  of  corneal  sclerosis,  par  excellence,  is  described  an  affection  in 
which  the  cornea  becomes  porcelain-like,  slightly  vascular,  and  irregu- 
lar as  to  its  surface.  The  affection  extends  from  the  periphery  towards 
the  centre,  as  if  it  were  being  encroached  upon  by  the  sclerotic.  This 
opacity  is  a  consequence  of  certain  forms  of  scleritis,  and  lessens  but 
little  in  the  course  of  time.  In  one  of  the  published  cases  it  was  due 
to  fatty  degeneration  of  the  tissue  of  the  cornea ;  and  in  another  to 
hyaline  degeneration.  In  a  word,  it  results  from  regressive  metamor- 
phosis of  the  tissue  of  the  cornea  and  that  of  the  cicatrix,  and  occurs 
in  cases  of  long-continued  faulty  nutrition  thereof.  These  macula^, 
especially  all  those  which  degenerate,  are  not  capable  of  being  cleared 
up,  and  when  they  are  deep,  as  they  usually  are,  treatment  by  corneal 
abrasion  is  of  no  utility. 
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Essential  shrinking.  A  term  usually  applied  to  pemphigus  or  other 
disease  of  the  conjunctiva  or  cornea,  involving-  shrinkage  of  the 
tissues. 

Essig.     (G.)     Vinegar. 

Essigsaure.     (G.)     Acetic  acid. 

Essloffel.     (G.)     A  tablespoon. 

Essudato.     (It.)     Exudate. 

Estensione  d'accomodazione.     (It.)     Range  of  accommodation. 

Esthesiog'eny.     The  production  of  altered  or  perverted  sensations. 

EsthesiogTaphy.  A  description  of  the  organs  of  sensation  and  per- 
ception. 

Esthesiometer.  ^sthesiometer.  An  instrument  resembling  a  pair  of 
dividers  used  for  the  measurement  of  tactile  sensibility.  It  consists 
essentially  of  two  movable  points,  which,  being  placed  upon  the  skin, 
are  approximated  until  the  two  tactile  sensations  afforded  by  them 
are  blended  into  one,  and  but  a  single  point  is  felt.  The  distance 
between  tlie  two  points,  which  is  indicated  by  a  graduated  scale 
attached  to  tlie  instrument,  is  inversely  proportional  to  the  delicacy 
of  tactile  sensilhlity. 

Estlander,  Jakob  August,  A  Danish  surgeon,  who  devoted  consider- 
able attention  to  ophthalmology.  Born  at  Helsingfors  Dec.  24,  1831, 
he  there  received  liis  medical  degree  in  1860,  there  settled  as  surgeon, 
and  there  became  professor  of  surgery  at  the  University  in  1860.  He 
died  at  :\Iessina  :Marcb  4,  1881. 

Estlaiidei''s  only  ophtluilmologie  writing  was  "Uel)er  Chorioiditis 
nach  Fel)ris  Typhosa  Recurrens"  (v.  Graefe's  Archiv.,  XV,  1869). — 
(T.  II.  S.) 

Estomac.     (P.)     Stomach. 

Estrazione  a  lembo.     (It.)     Cataract  extraction  at  the  limbus  cornea?. 

Etat  actuel.     (F.)     Present  condition  (of  the  patient),. 

Etendue.     (F.)     Amplitude. 

Eteroforia.     (It.)     Heterophoria. 

Etheric.     I^tiikrical.     Pertaining  to  tlic  luniinifcrous  ether. 

Etheriform.     Analogous  to  the  ether. 

Ether,  Luminiferous.  A  supposed  medium  filling  all  space,  through 
wliicli  in  tlic  form  of  transverse  wave-motion,  radiant  energy  of  all 
kinds,  inclnding  light-waves,  is  propngnted.  This  medium,  whose 
cxistrnrc  iiiosl  iiiodd'n  ;ni11iorit  ics  coiisidcf  lo  be  cstablishrd,  is  tlionghl 
to  be  more  clastic  Ihan  any  ordinary  l"orm  of  matter,  and  lo  exist 
thronuliont  all  known  space,  even  within  1he  densest  l)odies.  Fleclric 
and  magnetic  |»lien((iiicii;i  cmi  be  explained  as  dne  to  strains  and 
l)ulsations  in  the  ether. 
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Ether,  Ocular  relations  of.  Suli-huric  ether.  Ether  anesthesia. 
Ether  amblyopia.  Etliylic  ether  (the  oxide  of  ethyl)  is  a  clear, 
colorless^  mobile  liquid,  which  boils  at  35°  C.  It  readily  dissolves 
ethereal  oils,  fats  and  resins.  Its  use  as  an  anesthetic  is  well  known 
and  will  be  found  fully  described  under  the  caption  Anesthesia,  in  this 
Encyclopedia.  The  purely  ocular  relations  of  ether  are  discussed  by 
Lewin  and  Guillery  {Die  Wirkungen  von  Giften  auf  das  Auge,  Vol.  1, 
p.  141 ) ,  as  follows : 

The  condition  of  the  pupils  after  the  inhalation  of  ether  is  less 
constant  than  with  chloroform  ;  it  is,  therefore,  of  less  value  as  a  danger 
signal. 

In  young  children  a  slight  miosis  appears  at  the  beginning  of  the 
etherization ;  with  complete  narcosis  mydriasis.  In  the  further  course 
of  the  narcosis  slight  miosis  shows  itself,  with  almost  complete  immo- 
bility of  the  pupils.  In  a  limited  number  of  cases  one  observes  slight 
mydriasis  during  the  period  of  excitement. 

In  adults,  soon  after  the  first  part  of  the  inhalation  mydriasis  sets 
in,  which  in  most  cases  is  succeeded  by  miosis.  However,  the  latter 
sign  may  be  entirely  absent  when  the  muscular  relaxation  is  complete. 
On  the  other  hand,  contraction  of  the  pupils  is  noticeable  for  some 
time  after  recovery  from  an  ether  narcosis,  although  this  miosis  shortly 
gives  place  to  mydriasis,  as  in  chloroform  anesthesia. 

The  corneal  reflex  is  usually  well  preserved,  and  at  the  end  of  the 
etherization  the  contracted  pupils  also  react  to  light.  If  asphyxia 
occurs  the  pupils  are  always  dilated. 

During  twelve  hundred  anesthesias  mydriasis  occurred  six  times, 
accompanied  by  cyanosis,  epileptiform  seizures  and  spasm  of  the  glottis. 

Since  the  earliest  employment  of  ether,  the  muscular  movements  of 
the  eyes  in  anesthesia  have  been  observed.  Dieffenbach  noticed  that 
the  eyeballs  roll  upwards.  Later,  nystagmus  was  noted  after  and 
during  deep,  prolonged  narcosis.  This  action  is  produced  by  weaken- 
ing of  the  fusion  power  as  well  as  that  of  convergence  and  divergence, 
so  that  inward  as  well  as  outward  movements  are  limited. 

The  visual  and  muscular  disturbances  sometimes  are  noticeable  as 
long  as  an  hour  and  a  half  after  the  termination  of  the  anesthesia. 
The  muscles  are  no  longer  controlled  by  the  will,  so  that  entirely  unco- 
ordinated movements  are  made,  or  the  coordination  is  made  in  a  faulty 
direction. 

Ether  fumes,  especially  when  inhaled  by  means  of  close-fitting 
masks,  often  cause  reddening  of  the  conjunctiva  and  increased  secre- 
tion of  tears.  This  irritation  is  still  further  increased  if  drops  of  fluid 
ether  find  entrance  into  the  conjunctival  sae. 
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Ethics,  Medical.  Medical  deontology.  The  duties  that  the  medical 
practitioner  owes  his  patients,  his  professional  brethren  and  himself. 
In  this  country  the  code  of  ethics  is  that  of  the  American  Medical 
Association,  whose  rules  and  suggestions  are  binding  as  much  upon 
specialists  as  upon  general  practitioners  of  medicine.  A  discussion  of 
these  principles  as  they  in  particular  atfect  the  ophthalmic  surgeon 
will  be  found  in  the  Trmisactions  of  the  Am.  Acad,  of  Oph.  and  Oto- 
Larijng.,  p.  197,  1912. 

Ethmoidal  diseases,  Ocular  relations  of.  See  Vol.  Ill,  p.  1810,  of  this 
Encyclopedia,  Cavities,  Neig-hboring,  Ocular  relations  of,  under 
which  this  important  subject  is  fully  treated. 

Ethmolachrymal.  Relating  to  the  junction  of  the  ethmoid  and 
lachrymal  bones. 

Ethmyphitis.  Etiimyphlogosis.  (Obs.)  Inflammation  of  connective 
tissue ;  cellulitis. 

Ethmyphre.     (L.)     A  name  given  by  Hippocrates  to  connective  tissue. 

Ethnology  of  the  eye.  Anthropologic  ophthalmology.  Ethnic  eye 
DISEASES.  The  ocular  apparatus  varies  greatly  from  race  to  race,  par- 
ticularly in  the  amount  of  pigmentation,  but  the  physiological  reasons 
for  most  of  these  "characters"  have  not  been  discovered.  Conse- 
quently, though  much  statistical  information  has  been  recorded  here 
and  there,  it  has  been  of  but  little  practical  use.  Moreover,  only  a 
few  races  have  been  studied  and  there  are  not  yet  enough  data  to  war- 
rant safe  generalizations.  Eoure,  of  Valenci,  and  Kalt,  of  Paris,  have 
epitomized  the  material  in  anthropological  literature,  mostly  French, 
and  many  of  the  references  herewith  are  taken  from  their  articles  in 
the  Encyclopedie  Frangaise  d'O phtabnologic . 

The  orbit  varies  with  the  shape  and  size  of  the  skull.  The  distance 
between  the  two  orbits  is  said  to  be  large  in  the  skulls  of  great  cranial 
capacity  and  in  the  ])i'achyeephalic,  and  tliough  it  varies  from  21  to 
28  mm.,  no  rule  can  be  made  out.  The  anterior  nasal  aperture  varies 
enormously  in  area  in  each  race,  though  the  narrowest  ones  are  found 
mostly  in  the  northern  races,  wliich  have  narrow  noses  and  nostrils, 
while  the  biggest  and  broach'st  apertures  are  mostly  in  trojjieal  races, 
which  have  a  corresponding  broad  l)Ut  flat  nose.  The  northern  type 
must  have  a  tliin  hut  j)i'oniiii('iit.  nose  with  lai'^-'c  wanning  surface  for 
the  cold  air,  which  enters  in  a  thin,  rihbon-sliaped  stream  frotn  the 
slit-like  nostrils.  This  narrowing  of  the  nose  tends  to  bring  the  orbits 
together  in  cold  countries,  but  tlu^  larger  skulls  of  the  north  have  the 
opposite  effect.     The  net  result  is  very  little. 

The  other  measures  do  not  seem  to  have  any  significance.  The  depth, 
for  instance,  is  about  50  imii.  in   western   Kurojje  and  ^h)  among  the 
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brai'liycoplialic  Chinese,  5G  in  dolieoeeplialie  Australians,  and  57  in 
tlie  dolieoeephalic  Esquimaux. 

The  area  of  the  openinj^  seems  to  vary  witli  the  size  of  the  skull, 
being  as  low  as  MOO  in  raees  of  little  intelligence,  to  1456  in  the 
larger  brained. 

The  orbicular  index,  or  height  of  the  orbicular  opening  divided  by 
the  width,  varies  greatly  from  77  to  over  100.  It  is  100  in  the  fetus 
but  lessens  with  age,  and  is  smallest,  strange  to  say,  in  some  prehistoric 
skulls,  antl  large  in  the  modern  Mediterranean  race,  Esquimaux  and 
Arabs,  though  medium  in  the  rest  of  Europe  and  in  negroes.  It  is 
largest,  that  is,  the  opening  is  roundest,  in  the  Chinese,  averaging  93.1 ; 
in  some  specimens  over  100.  It  is  smallest  in  Australians  and  Pa- 
risians. It  seems  to  bear  no  relation  to  head-shape.  The  index  is  in- 
creased and  the  superciliary  arches  are  poorly  developed,  as  in  the 
Chinese,  but  is  only  medium  in  negroes,  who  have  small  arches  as  a 
rule.  Broca  has  classed  the  rounder  orbits,  with  index  over  89,  as 
megaseme,  the  mesoscme  between  89  and  83  and  the  microseme  be- 
low 83. 

The  plane  of  the  opening  is  never  transverse,  but  slopes  outward 
and  backward  at  an  angle  which  may  be  as  low  as  131  degrees,  but  in- 
creases to  144  degrees  as  the  prominence  of  the  malar  bone  throws  the 
outer  border  forward.  The  axes  of  the  two  orbits  converge  to  the 
front  in  monkeys,  are  parallel  in  human  infants,  but  always  diverge  in 
adults.  The  angle  of  divergence  may  be  as  low  as  3  degrees  in  the 
narrow-skulled  Esquimaux,  or  as  much  as  30  degrees  in  certain  broad 
heads  of  eastern  Europe.  There  is  some  relation  of  this  angle  to  the 
frequency  of  esophoria  and  exoplioria,  as  well  as  actual  strabismus, 
but  it  has  not  been  worked  out. 

There  are  said  to  be  differences  in  the  porosity  of  the  orbital  plate 
of  the  frontal  bone  in  different  races,  but  how  much,  and  their  sig- 
nificance, is  not  known. 

The  eyelids  are  very  thick  in  cold  climate  types,  so  thick  indeed  as 
to  give  the  appearance  of  dropsy,  particularly  in  the  upper  lid,  which 
may  have  a  transverse  fold  of  skin  dropping  over  to  cover  the  free 
border.  This  variation  is  unquestionably  evolved  to  keep  the  globe 
M^arm.  In  tropical  races  the  lids  are  very  thin,  but  in  northern 
Europe  the  eyelids  not  infrequently  are  almost  puffy,  though  not 
to  the  extent  of  such  arctic  types  as  northern  Siberians  and  Esquimaux. 

The  palpebral  fissure  varies  with  the  temperature  and  light.  In 
the  arctics  or  subarctics,  where  the  snow  glare  is  intense,  the  opening 
is  a  mere  slit  which  may  be  less  than  the  diameter  of  the  pupil.  This 
is  done  without  squinting  and  must  result  from  a  lengthening  of 
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the  superior  levator  palpebne  muscle  or  its  ligament,  thus  eausing 
a  normal  ptosis.  The  natives  enliauce  this  ett'ect  by  -wearing  pro- 
tectors of  wood  which  have  a  horizontal  slit  about  a  millimeter  across. 
White  men  often  find  sucii  protection  necessary  in  the  glare  of  arctic 
summers.  In  the  tropics  the  palpebral  fissure  is  much  wider,  as  there 
is  no  need  of  protection  from  cold  and  the  pigment  is  a  shield  from 
light.  In  Europeans  the  fissure  is  between  the  two  extremes,  but  it  is 
to  be  noticed  that  the  blonder  a  person  is,  the  more  he  squints  the 
eye  in  light  climates.  In  the  cities  of  southern  Germany  the  writer 
was  amazed,  on  sunny  days,  at  the  wide  fissure  of  the  very  brunette 
and  the  painful  squinting  of  the  very  blonde.  The  fissure  in  Mon- 
gols approaches  the  arctic  type,  being  but  half  that  of  Europeans, 
who  are  pigmented  enough  for  the  light.  The  opening  has  more  of  the 
shape  of  a  scalene  triangle,  with  a  very  oblique  apical  angle,  and 
the  two  commissures  are  obscured.  The  horizontal  dimension  of  the 
opening,  from  canthus  to  canthus,  averages  27.5  in  French  males, 
30.0  in  females,  31  in  New  Caledonians,  32  in  Chinese,  33  in  Austra- 
lians and  33.5  in  negroes,  but  the  significance  of  these  differences  is 
unknown. 

The  obliquity  of  the  interpalpebral  fissure,  so  common  in  Mongols, 
seems  to  be  the  result  of  raising  the  outer  canthus  by  high,  prominent 
malar  bones.  It  is  far  from  universal  in  that  mixture  of  races  we 
call  Chinese,  and  though  no  statistics  are  recorded,  it  seems  to  be  absent 
in  those  types  with  a  long,  oval  face,  and  perhaps  also  dolicocephalic. 
There  is  a  suspicion  that  this  long-headed  type  is  an  extension  into 
Asia  of  the  "Eur-African"  race,  which  is  also  called  the  Indian 
Ocean  type,  because  it  is  found  in  and  around  that  sea  from  Cape 
of  Good  Hope  to  Tasmania.  The  Asiatic,  or  broad-headed  type,  also 
called  Pacific  because  found  in  and  around  that  ocean,  has  sent  off- 
shoots all  over  Europe  excepting  a  few  corners  and  the  Mediterranean 
shore.  The  oblique  eye  is  therefore  found  quite  frequently  in  eastern 
Russia,  and  in  about  15  per  cent,  of  some  highlanders  and  in  Aries 
and  Auvergne,  where  the  Alpine  type  is  common.  It  is  found  in  only 
2  per  cent,  of  Bavarians,  and  is  very  rare  in  the  extreme  northwest 
and  probal)ly  absent  around  the  ^Mediterranean.  It  is  not  uncommon 
in  European  infants,  but  disappears  in  a  few  years — possibly  indi- 
cating an  Alpine  type  in  the  ancestry.  Among  the  Laps  the  obliquity 
of  the  fissure  is  inverse,  i.  e.,  drooping  of  the  outer  angle.  The  cause 
is  unknown. 

Epicanthus  is  said  to  be  fetal  ( .Metschnikoff ) ,  and  frequently  per- 
sists until  some  years  after  birth,  though  it  always  disappears  in 
adult  life,  except  in  certain  Mongols.     Since  the  lids  are  glued  to- 
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getlu'i"  ill  llie  IV'lus,  tlie  persisti'iu.-i'  of  a  narrow  tissure  aiid  the  epi- 
eanthus  are  said  to  be  instaiR-cs  of  arrested  development.  There  is 
no  justilication  for  tliis  opinion,  for  the  epieaiithus  seems  to  have  a 
use — a  proteetion  of  some  kind — sinee  it  is  so  eomiiion  and  large  iu 
certain  plains  people. 

The  eyeball  is  much  more  sunken  in  cold-climate  races  than  in  the 
tropical,  probably  as  an  additional  protection  from  cold.  In  the  Mon- 
gols it  is  said  to  be  level  with  the  face,  but  quite  prominent  in  negroes. 
This  might  be  the  reason  for  the  increased  depth  of  the  orbit  in 
Chinese  and  Esquimaux  mentioned  above.  The  cartilage,  which  occa- 
sionally appears  in  the  semilunar  fold  or  remnant  of  the  membrana 
nictitans,  is  quite  common  in  monkeys  and  must  have  some  protective 
value,  but  it  has  now  undergone  involution  and  is  entirely  absent  in 
84  eases  out  of  85  in  Europeans.  In  negroes  it  is  more  common.  The 
size  of  the  globe  is  practically  the  same  in  all  races,  the  small  dif- 
ferences have  no  known  significance.  The  assertion  that  it  is  small  in 
the  yellow  races  has  no  statistical  basis  as  far  as  known.  Roure  states 
that  the  globes  are  more  widely  separated  in  the  negro,  but  this  may 
be  an  effect  of  their  prominence. 

Pigmentation  of  the  sclera,  iris  and  retina,  is  unquestionably  a  pro- 
tection from  the  sun,  particularly  the  ultra-violet  part  of  the  spec- 
trum. The  reasons  will  be  enlarged  upon  in  the  article  upon  light  and 
its  effects.  Whenever  the  sclera  is  subjected  to  any  kind  of  prolonged 
irritation,  as  from  dust  in  ectropion,  trachoma,  etc.,  it  becomes  pig- 
mented. In  light  countries  the  exposed  parts  in  the  palpebral  fissure 
take  on  pigment  in  proportion  to  the  amount  of  light  exposure  and 
the  ability  of  the  cells  to  form  pigment.  This  is  not  marked  in  the 
Mongols  and  arctic  types  with  a  very  narrow  palpebral  fissure,  but 
in  the  tropics  the  wider  fissure  exjDoses  the  unprotected  sclera.  In 
the  Malay  pigment  is  deposited  in  these  places  in  black  or  brown  spots, 
which  may  be  three  or  four  mm.  in  diameter.  It  may  be  scattered 
irregularly  or  even  diffusely.  In  the  Javanese  it  is  still  more  marked, 
and  in  negroes  this  part  of  the  sclera  may  be  entirely  covered  and 
the  pigment  also  extend  completely  around  the  cornea  and  even  into 
the  edge  of  the  cornea  and  over  parts  of  the  bulbar  conjunctiva, 
which  are  only  rarely  uncovered.  This  dark  ring  gives  the  appear- 
ance of  a  very  large  cornea. 

The  sclerotic  pigment  is  quite  common  in  dogs,  rablnts  and  monkeys 
and  serves  the  same  purpose  as  in  tropical  man. 

The  iris  is  blue  from  the  color  of  the  blood  in  the  veins  and  takes 
on  other  colors  from  the  deposition  of  yellow  to  reddish-brown  patches 
of  pigment  in  the  parenchyma.     The  more  need  of  protection  from 
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sunshine,  the  more  of  this  pigment  and  the  browner  the  eye.  There 
are  apparently  more  statistics  of  eye  color  recorded  than  of  any  other 
ethnic  character — probably  because  it  is  such  a  good  mark  of  iden- 
tification for  police  purposes,  and  for  classification.  Since  there  is  an 
infinite  graduation  of  shades  and  mixtures  from  the  pale-blue  of  the 
albino  with  no  pigment  whatever  to  the  dark-brown  of  the  blackest 
negro,  who,  by  the  way,  never  has  a  pure  black  iris,  classification  is 
impossible. 

Every  statistician  groups  his  cases  according  to  his  own  needs.  All 
pigments  are  said  to  be  formed  from  the  hematin  derived  from  worn- 
out  red  blood  corpuscles — at  least  they  are  of  similar  chemical  com- 
position, and  their  color  is  from  the  red  to  yellow  part  of  the  spec- 
trum. Chlorophyl,  which  is  of  almost  identical  chemical  composition, 
has  a  color  varying  from  red  to  green.  The  upper  part  of  the  spec- 
trum is  not  represented  except  in  the  retinal  purple. 

The  more  light  there  is  in  a  country,  the  more  brown  pigment  is 
deposited  in  the  iris  as  a  light  screen.  The  southern  part  of  Norway 
has  the  highest  percentage  of  blue-eyed  population,  and  if  we  draw 
a  straight  line  in  any  direction  the  proportion  of  this  type  decreases 
in  the  lowlands.  In  France  the  blue  eyes  are  mostly  in  the  north, 
east  of  the  line  from  Cape  Finisterre  to  Savoy.  On  the  other  hand, 
elevation  into  the  cloudiness  of  mountains  preserves  the  type.  In 
the  whole  sub-tropical  belt  around  the  world,  the  uplands  harbor  blue- 
eyed  people,  though  the  surrounding  lowlands  may  be  strongly  brown- 
eyed. 

In  central  Europe  and  countries  with  similar  climates  the  mixed 
types,  between  the  blue  of  the  Baltic  race  and  the  brown  of  the  Med- 
iterranean, are  the  best  fitted.  These  vary  from  the  light-grey,  yellow 
and  green  to  the  slightly  brown,  called  hazel  and  chestnut.  The 
brown  is  generally  deposited  in  the  periphery,  though  it  may  be  scat- 
tered, or  even  on  the  pupillary  border,  and  an  eye  called  blue  by 
one  observer  may  be  classed  as  brown  by  another.  There  is  no  known 
ethnic  significance  to  these  minor  variations. 

The  broad-headed  Asiatic  or  Pacific  race  is  generally  brown-eyed, 
but  by  survival  of  the  fittest  its  modern  descendants  in  Europe — the 
Alpine — are  largely  grey-eyed.  Grey  eyes  are  also  not  at  all  uncom- 
mon in  the  Mediterranean  race,  but  they  are  very  dark  and  nothing 
at  all  like  the  blue  Baltic  eye. 

There  is  also  some  evidence  that  races  which  dwell  in  dense  forests 
have  lighter  eyes  from  the  survival  of  such  variations. 

The  blue-eyed  mountaineers  are  constantly  drifting  dow  n  to  the  low- 
lands, where  they  survive  a  variable  number  of  gcnci'alions,  accord- 
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iiig  lo  their  lack  oi"  adjustment.  These  luigrated  specimens  Imve  given 
an  impression  to  authroioologists  that  pigmeiit  is  not  of  survival  value. 
The  blue-eyed  are  found  even  in  nortiiern  Africa,  but  they  originated 
in  tlie  northern  or  more  shady  upper  valleys  of  the  Atlas.  The  bru- 
nette eye  is  found  in  97.5  per  cent,  of  Arabs,  65  per  cent,  of  Belgians, 
44  per  cent,  of  Englishmen,  and  much  less  on  the  coasts  of  Scotland 
and  Scandinavia,  and  still  less  in  the  interior  of  southern  Norway, 
which  might  be  called  the  center  of  blue  eyes  of  the  world. 

The  retina  varies  in  tint  with  the  color  of  the  skin.  In  the  negro 
it  is  reddish-brown,  from  the  deposition  of  pigment  in  the  retinal 
epithelium.  If  there  is  not  sulKcient  pigment  to  protect  from  the  sun- 
light, as  in  migrants,  we  find  all  the  diseases  grouped  under  photo- 
ophthalmia.  These  are  therefore  ethnic  eye  diseases  to  a  great  extent, 
particularly  in  America. 

Fritsch  is  quoted  by  Kalt  as  asserting  that  in  Berbers,  the  contour 
of  the  fovea  is  clear  and  the  bottom  is  level,  as  in  the  anthropoid  apes. 
In  the  Soudanese,  Arabs  and  Egyptians,  the  depth  is  slight,  but  in 
Europeans  it  is  deep.    The  reason  is  unknown. 

Albinism  is  found  all  over  the  world  and  is  pathologic,  not  ethnic. 

The  color-sense  was  once  supposed  to  be  appreciably  lower  in  the 
primitive  races,  but  the  examinations  of  such  types  at  the  St.  Louis 
World's  Fair,  and  reported  in  Science,  Feb.  4,  1910,  by  R.  S.  Wood- 
worth,  of  Columbia  University,  show  that  there  is  very  little  differ- 
ence. On  the  wiiole,  all  races  are  about  the  same  in  ability  to  dis- 
tinguish color.  The  present-day  savages  are  a  little  defective  in  the 
blue  and  yellow  tints,  bnt  not  of  red.  Civilized  men  vary  greatly  in 
the  width  of  the  visible  spectrum,  probably  no  two  being  exactly  alike, 
particularly  in  our  ability  to  distinguish  the  extreme  red  and  violet. 
But  this  is  the  ordinary  variation  of  all  species  and  has  no  ethnic  sig- 
nificance. It  has  been  suggested  that  the  heavy  pigment  in  the  retina? 
of  dark  races  makes  them  unable  to  distinguish  faint  shades  of  blue, 
particularly  the  greenish  blues,  since  the  pigment  absorbs  these  wave 
lengths.  The  lower  races  and  children  of  the  higher  certainly  derive 
more  pleasure  from  pure,  vivid  colors,  particularly  green,  yellow  and 
red,  which  are  more  or  less  painful  to  higher  civilized  people,  but  the 
lower  races  do  perceive  the  mixed  and  subdued  colors  when  attention  is 
aroused.  Training,  then,  seems  to  develop  our  ability  to  notice  these 
shades,  but  not  our  ability  to  perceive  them.  The  latest  spectroscopic 
method  of  testing  how  much  of  the  ends  of  the  spectrum  are  dark 
has  not  yet  been  tried  on  lower  races.  Some  racesi  have  only  a  few 
words  for  color,  and  this  was  once  thought  to  indicate  inability  to 
see  the  unnamed  shades,  but  it  is  now  known  that  all  races,  even  the 
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highest,  see  cok)i's  for  which  there  are  yet  no  names  devised,  and 
man  iin(iuestionabl.v  saw  them  l)efore  he  had  names  for  anything. 
Language  gives  no  hint  at  all  to  physiology. 

(U)lor-hliiidiuss,  according  to  AVoodworth,  is  ahout  the  same  in  all 
races,  being  perhaps  a  little  less  connuon  in  Mongolians,  but  even  this 
is  not  certain. 


Left  iVIaxilla  Seen  from  Behind.      (Whitnall.) 
The  posterior  and  medial  walls  of  the  antrum  have  been  removed  so  as  to  show 
the  lachrymal  recess  E,  the  constricted  entrance  to  which  is  bounded  by  the  infra- 
orbital canal  1,  the  anterior  suiierior  dental  canal  2,  the  naso  lachrymal  canal  3, 
and  the  floor  of  the  orbit  4. 

The  acuity  of  vision  is  popularly  believed  to  be  higher  in  savage 
races  than  in  the  civilized,  but  the  St.  Louis  tests  showed  all  races  to 
be  essentially  equal  in  keenness  of  vision.  The  savage  man  has  often 
astounded  us  by  the  facility  with  which  he  interprets  distant  signs 
that  were  unnoticed  by  his  civilized  companion.  This  has  now  been 
shown  to  be  a  result  of  training.  Savants  and  experienced  explorers 
learn  how  to  do  this  better  than  the  natives,  or  at  least  as  well.  Sim- 
ilarly the  anomalies  of  refraction  are  not  at  all  infrequent  in  lower 
races.     Myopia  is  quite  connuon  in  Germans  and  others  who  take  up 
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near-work  at  an  early  age  when  the  tissues  are  more  plastic.  This  was 
once  thought  to  be  evolutionary  and  ethnic,  but  it  seems  to  be  largely 
occupational  and  pathologic,  for  it  is  not  hereditary  as  a  rule,  if  at 
all.  It  was  once  thought  that  the  eye  in  long  heads  tended  to  be 
myopic,  and  in  broad  heads  In^peropic.  In  France,  for  instance,  there 
is  less  myopia  in  the  central  regions  than  in  the  more  dolichocephalic 
northeast  and  southwest.  The  broad-headed  "Celts"  or  Alpine  race 
are  said  to  have  151  cases  per  100,000,  the  Belgians  391  and  the  south 
of  France  517.     The  data  are  not  sufficiently   detailed  to   correlate 


Diagram  to  Show  the  Origin  and  Course  within  the  Anterior  "Wall  of  the 
Maxillary  Antrum  of  the  Anterior  Superior  Dental  Nerve  (in  dotted  lines).  The 
circle  indicates  the  position  of  the  lachrymal  recess.      (Whitnall.) 


refraction  with  head  shapes.  There  has  also  been  an  attempt  to  cor- 
relate myopia  with  deep  sockets  and  hyperopia  with  shallow,  yet  the 
long,  myopic  eye  may  bulge  out  of  a  shallow  socket  and  the  hyperopic 
sink  back  in  a  deep  one.  Indeed,  the  races  with  the  deepest  sockets — 
Esquimaux,  57.7 ;  Australians,  56.2 ;  Chinese,  55.6 — are  not  noted  for 
myopia,  nor  are  the  shallow  socket  races  noted  for  hyperopia — Arabs, 
Basques  and  Dutch. 

Astigmatism  is  so  generally  a  pathologic  acquirement  that  it  is 
difficult  to  find  ethnic  relations.  Javal  found  it  common  in  the 
French  Jews,  but   the   greater  curvature  was  horizontal   instead   of 
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vertical,  as  is  the  rule  in  other  races.  The  suggestion  has  beeu  made 
that  this  partly  accounts  for  the  manner  in  which  Hebraic  letters 
are  written  with  heav}-,  horizontal  lines.  The  alleged  frequency  of 
astigmatism  in  asymmetrical  skulls  is  not  an  ethnic  matter. 

Ethnic  diseases  are  mostly  those  resulting  from  mal-adjustment  to 
light,  and  are  found  in  migrants — a  subject  to  be  dealt  with  in  the 
article  on  Lig'ht.  Ethnic  immunity  or  susceptibility  to  infections  is  a 
very  important  and  well-proved  fact,  but  in  the  enormous  and  detailed 
statistics  as  to  the  geographic  distribution  of  ocular  diseases,  there 
is  little  which  can  be  surely  ascribed  to  ethnic  causes.  Negroes,  for 
instance,  while  comparatively  free  from  trachoma  in  the  United  States 
are  affected  in  the  Soudan.  In  Bavaria  there  is  little  or  no  trachoma, 
a  serious  matter  farther  away  in  similar  ethnic  types;  while  in  Con- 
stantinople it  constitutes  15  per  cent,  of  all  eye  diseases.  The  Alpine 
race  has  few  cases,  but  the  Belgians  and  Germans  have  many. 
Glaucoma  is  rare  in  Arabs  and  Hindus,  but  common  in  negroes  and 
the  brown-eyed  generally.  European  Jews  suffer  from  it  two  and  a 
half  times  more  than  Christians,  but  it  is  so  often  found  in  several  gen- 
erations in  the  same  family  as  to  give  rise  to  a  suspicion  that  it  is  an 
acquirement  rather  than  an  ethnic  inheritance. 

Nevertheless  it  might  be  well  to  construct  maps  showing  the  geo- 
graphical distribution  of  each  disease,  for  we  might  find  unexpected 
ethnic  relations.  It  is  far  more  important  to  correlate  these  diseases  to 
each  of  the  ethnic  characters,  such  as  pigmentation,  for  this  is  a  very 
practical  matter  in  therapy  and  hygiene.  Migrants  are  greatly  in- 
jured where  natives  are  immune,  as  among  arctic  explorers  for  in- 
stance, and  preventive  rules  are  quite  practical  in  many  conditions 
common  in  the  United  States.  For  instance,  all  the  many  diseases 
which  should  be  classed  as  photophthalmia  are  nnicli  more  common  in 
those  insufficiently  pigmented. 

It  must  be  remembered  that  the  evolution  of  the  various  types  of 
humanity  is  accomplished  by  the  preservation  of  the  fittest  variations 
and  destruction  of  the  rest  by  disease  or  accident.  A  type  which 
migrates  to  an  environment,  which  lias  cvoIxmhI  something  entirely  dif- 
ferent, must  suffer  from  higher  mor])idity  and  mortality  rates  than 
at  the  ancestral  home.  We  need  a  careful  ethnic  survey,  such  as  was 
made  in  Germany  by  Virchow,  and  by  Tocher  for  Pigmentation  in 
Scotland  (Biometrica,  1908).  When  ethnic  studies  of  disease  demon- 
strate what  types  are  most  affected  by  particular  diseases  rules  for 
preservation  will  more  likely  follow. —  (C.  E.  W.) 

An  excellent  critique  of  Stilling's  theory  dealing  with  tbc  infJiinire 
exerird  hi/  llu  sJiapr  of  the  orhit  vpnn  the  eijehnlJ  is  liy  S.  K.  Whilnall 
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(Op]i.  lx'(ri(i<\  F('l)niary,  li)l;5).  Aecoi'ding'  to  the  writer,  it  wasiu 
1888  that  Stilling  elainied  that  shortsightedness  is  commonly  asso- 
ciated with  a  low  orhital  a])ei'ture,  the  suggested  explanation  being 
that  in  such  niierosenue  skulls  the  superior  oblique  muscle  is  placed 
at  a  lower  level  than  noi-nial,  and  by  compressing  the  eyeball  could 
cause  it  to  l)ecome  elongated  in  an  antcM-o-posterior  direction  with  con- 
sequent myopia. 


Skull   1. 

Skull  1. 

Marginal  height  31  mm.     lutra -orbital  h.  38  mm 


(Borneo.)      [Whitnall.] 
Eight  orbit.     (Borneo.) 

Inter-oblique  h.  28  mm. 


This  theory  was  supported  by  Seggel  (1890),  who  found  that  myopia 
is  specially  entailed  by  a  low,  broad  orbit,  and  Ask  (1906),  who 
showed  that  the  short-sighted  have  a  lower  orbital  index,  whereas  the 
Swedes,  with  rather  high  orbits,  are  rarely  myopic.  Schmidt-Rimpler 
(1889)  on  the  contrary  gave  nearly  the  same  orbital  index  for  myopic 
and  emmetropic  sul)jects ;  moreover,  Hamburger  (1904)  pointed  out 
that  a  high  orbit  does  not  preclude  short-sightedness,  and  that  on  ex- 
perimental raising  of  the  intra-ocular  pressure  by  injection  of  the 
globe  in  the  cadaver  there  is  no  furrow  caused  by  the  tendon  of  the 
superior  oblique :  other  observers  have  shown  also  that  the  iutra-ocular 
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tension  is  unaffected  by  the  action  of  any  of  the  external  muscles  pf 
the  eye. 

A  point  Avhich  appears  to  have  been  overlooked  and  which  is  also 
detrimental  to  Stilling 's  theory  is  that  the  position  of  the  pulley  (troch- 
lea) of  the  superior  oblique  muscle,  that  is,  the  point  from  which  the 
action  of  the  muscle  in  compressing-  the  glol)e  would  originate,  is  not 
necessarily  correlated  to  either  the  height  or  shape  or  index  of  the 
orbital  base. 


Skull    ■_'.      (Australia.)       [Wliitnall.] 
Marginal  height  oS  nun.     Intra-orbital  h.  4U  mm.     Interoblique  h.  2S  mm. 


Difference 


0  mm. 


The  positio)!  of  tlie  trochU-a  is  usually  marked  on  the  skull  by  a 
small  depression,  the  fovea  trochlearis,  sometimes  a('('omj)anied  by  a 
spine,  situated  in  the  fore  })art  of  tlie  aiigh;  between  the  roof  and 
medial  wall  of  the  orbit  and  a  few  millimetres  within  its  margin.  In 
choosing  a  point  from  which  to  measure  the  position  of  this  site,  the  one 
most  relevant  to  tliis  disrnssion  is  the  sliallow  fossa  wliidi  marks  the 
origin  of  the  inferior  ohlicinc  nniscle  from  the  floor  of  the  orbit,  adja- 
cent to  the  opening  of  the  naso-lachi-ynnil  e.inal  and  lying  almost  vef- 
tically  beneath  the  ro\e;i  1  roehleai'is,  sinee  tlie  distance  whieji  sep- 
arates these  two  oriuins,   that    of  the   tendon   of  the  snperior  ohliipie 
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muscle  whirli  passes  over  the  globe  and  that  of  the  inferior  oblique 
muscle  which  passes  beneath  it,  must  be  an  important  consideration 
in  determining  any  compression  these  muscles  could  exercise  upon  the 
eyeball.  The  fossa  is  much  more  rarely  present  in  well  marked  form 
than  the  fovea  trochlearis,  but  in  its  absence  the  lateral  margin  of  the 
orifice  of  the  naso-lachrymal  canal  (ignoring  the  presence  of  the  ham- 
ular  process  of  the  lachrymal  bone)  can  be  taken  as  the  lower  meas- 
uring point,  for  here  is  often  found  the  slight  development  of  a  ten- 
dinous origin  for  the  muscle. 

The  inter-oblique  distance  then  was  measured  between  the  center  of 
the  fovea  trochlearis  and  the  floor  of  the  fossa  for  the  inferior  oblique 
or  the  edge  of  the  naso-lachrymal  canal,  skulls  being  chosen  in  which 
these  points  could  be  undoubtedly  defined.  The  orbital  height  was 
taken  at  the  base  (marginal  height)  and  also  at  its  most  roomy  dimen- 
sion within  the  margin  (intra-orbital  height)  ;  both  measurements 
were  taken  because  the  terms  "low  orbit"  or  "flattened  orbit,"  which, 
strictly  speaking,  should  refer  to  the  cavity  of  the  orbit,  are  often 
loosely  used  in  reference  to  the  margin  as  well.  It  will  be  seen  that 
the  dimensions  of  neither  margin  nor  cavity  are  closely  related  to  the 
distance  between  the  origins  of  the  oblique  muscles  of  the  globe. 

The  results  of  a  comparison  of  these  three  measurements  in  thirty 
skulls,  ten  being  European  and  twenty  of  varied  races,  are  as  follows: 

Extremes  of  variations 

between  measurements.  Difference. 

Orbital  height  at  margin.  .  .  .   30.3  mm. — 38.5  mm.          ...          8.2  mm, 

Intra-orbital  height   35  mm.    — 43  mm.  ...  8  mm. 

"Inter-oblique"  distance   ...   28mm.    — 30mm.  ...  2mm. 

The  full  list  of  measurements,  taken  to  the  nearest  half-millimeter, 
is  appended.  It  may  be  of  interest  to  note  that  the  vertical  diameter 
of  the  globe  is  about  23.5  mm. 

STILLING 'S    THEORY. 

Height  Height  Inter- 
Skull,                                                                at  within  oblique 

margin.  margin.  distance. 

European    32.5  38  29.7 

European    31  36  29.5 

European    34  40  27 

European    35.5  37  28 

European    36  38.5  29 

European    34.5  40.7  28.5 

European    32.2  40  29 
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Height  Height  Inter- 
Skull,                                                                at  within  oblique 

margin,  margin,      distance. 

European    32.3  40  29 

European 33.7  38  28.5 

European    34  40  28.5 

Australian    30.3  35  28 

Australian    35  37  29 

Ancient  Egyptian 33.5  40.5  29.8 

Australian    31  38  28 

New  Guinea 35  37  28.4 

Esquimo    35.8  39.5  29 

Esquimo    35  39.8  29 

Esquimo    35  37.5  29      ■ 

Esquimo    " 35  37.5  30+ 

New  Zealand   36.5  39.5  30 

New  Zealand   38.5  40  30 

Indian   32  36  30 

Indo-Malay    37  39  29 

Amboyna    32  37  29 

Peru    34  39  28 

Patagonia   35.5  43  29 

Samoa   37  42  30 

Borneo 38  40  28 

African   34  —  29.5 

Negro 37  36  30 

30  skulls  of  various  types.    Right  orbits  in  each  case.    Measurements 
to  nearest  Y2  millimeter. 

According  to  AVhitnall  these  measurements  show  that  the  distance 
between  the  origins  of  the  ol)li(iue  muscles  (taking  the  trochlea  as 
being  the  place  from  which  the  action  of  the  superior  oblique  orig- 
inates) of  the  globe  is  less  variable  than  either  the  orbital  height  at 
the  margin  or  within  the  cavity,  and  that  the  size  of  the  orbit  cannot 
affect  the  shape  of  tbc  cy('l)all  tbi'ough  the  agency  of  the  superior 
oblique  muscle. 

L.  Steiner   (Zeitschrift  fiir  MorpJiologie  niul  Anlhropologie,  x,  3, 

1908),  who  practised  as  an  oplitlialmie  surgeon  in  Java,  lias  written 

an  interesting  paper  uyion  Ibe  peculiarities  of 'the  eye  of  the  Javanese. 

illustrated  by  a  few  beautiful  colored  sketches.     The  fii-st  tiling  wliieli 

strikes  one,  be  says,  is  the  apparent  small  size:  this  means  merely  (we 

gather)   that  the  palpebral  aperture  is  narrow  and  exposes  a  com- 
voi.  VI— 35 
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parativcly  small  portion  of  the  surfaces  as  contrasted  with  the 
European;  but  then  the  Javanese  is  usually  a  smaller  person  alto- 
gether. On  the  ocular  conjunctiva  irregular,  brownish  spots  are  fre- 
quent, as  they  are  on  other  mucous  membranes,  e.  g.,  those  of  the 
palate,  gums,  and  vagina;  these  usually  are  more  marked  in  those  of 
advanced  years;  in  older  persons  the  whole  visible  sclera  (which  itself 
has  a  brownish  tinge)  may  be  .spotted  over  with  these  masses,  especially 
at  the  limbus.  Frequently,  too,  there  are  large,  dark,  almost  black, 
splashes  of  pigment  on  the  postm-ior  surface  of  the  upper  lid.  The 
iris  is  very  dark-brown,  hardly  distinguishable  from  the  black  pupil, 
lie  tells  us  that  the  fundus  differs  very  materially  from  that  of  the 
Euro})('an. 
Ethyl  alcohol.  Grain  alcohol.  Spirits  of  wine.  Hydrate  or 
•hydrated  oxide  of  ethyl,  CoHf.O^C^H-.OH ;  a  clear,  colorless,  mobile, 
very  volatile  and  inflammable  li({uid  of  burning  taste  and  peculiar, 
pleasant  ethereal  odor,  occurring  in  a  dilute  state  in  all  beverages 
formed  by  the  vinous  fermentation  of  saccharine  and  starchy  vegetable 
substances,  and  prepared  in  a  pure  state  from  these  beverages  by 
repeated  distillation  (rectification)  and  by  dehydration  with  alkalies. 
It  also  occurs  ready-formed  in  various  vegetable  substances,  and  occurs 
in  coal-tar,  bone-oil,  and  other  products  of  organic  distillation,  as  well 
as  in  bread.  It  has  never  been  frozen,  although  at  extremely  low  tem- 
peratures it  becomes  viscid.  Boiling  point,  78.3°  C.  Its  sp.  gr.  varies 
greatly  with  the  temperature,  being  0:80625  at  0°  C,  0:79367  at  15° 
C,  0:7809  at  30°  C.  It  is  very  hygroscopic,  and  cannot  be  freed  by 
distillation  alone  from  the  moisture  which  it  absorbs.  It  unites  with 
various  mineral  salts,  in  the  same  manner  that  water  does,  to  produce 
compounds,  with  one  or  more  molecules  of  alcohol  of  crystallization. 
It  is  freely  miscible  with  water,  chloroform,  ether,  and  benzene,  and 
is  a  solvent  for  volatile  oils,  concrete  oils  (such  as  camphor),  resins, 
phosphorus,  iodine,  bromine,  and  many  other  substances.  On  account 
of  this  solvent  power  it  is  largely  employed  in  the  arts  and  pharmacy 
as  a  vehicle.  Solutions  of  medicinal  substances  in  ethyl  alcohol  are 
called  tinctures  and  spirits.  Locally,  ethyl  alcohol,  owing  to  its 
volatility,  acts  as  a  refrigerant,  and  when  its  evaporation  is  pre- 
vented, as  an  irritant  and  astringent,  dehydrating  moist  surfaces,  and 
coagulating  albumin.  Internally  administered  in  moderate  doses,  it 
acts  as  a  cardiac  stimulant,  particularly  in  cases  of  enfeebled  cardiac 
action,  but  in  excessive  doses  diminishes  both  the  rapidity  and  force 
of  the  heart-beats.  Small  doses  contract  the  arterioles  (particularly  in 
inflammatoiy  conditions)  and  raise  the  blood-pressure  and  body  tem- 
perature ;  large  doses  dilate  the  arterioles,  diminish  the  blood-pressure, 
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and  lower  the  body  temperature.  Small  doses  likewise  aet  as  a  stimu- 
lant to  the  gastric  mucous  membrane,  the  liver,  and  the  cerebro-spinal 
centres,  while  large  doses  interfere  with  the  functions  of  all  of  these 
organs.  Applied  in  excessive  or  in  continued  doses,  ethyl  alcohol  pro- 
duces the  condition  called  alcoholism,  which  may  include  an  alcohol 
amblyopia.  Ethyl  alcohol  is  mostly  eliminated  unchanged  by  the 
lungs,  kidney,  and  skin,  but  a  small  portion  is  oxidized  in  the  body. 
This  fluid  is  official  in  all  of  the  pharmacopoeias.  (Foster.)  See,  also. 
Alcohol;  as  well  as  Toxic  amblyopia. 

Ethylaminoacetobrenzcatechin  hydrochloride.     See  Homorenon. 

Ethylaminoketcne.     See  Homorencn. 

Ethyl-benzoyl-cocain.     See  Homococain. 

Ethylbenzoylecgonine.     Sec   Cocaethyline. 

Ethyl  bromid.  Moxobrometiiaxe.  IIydrobromic  ether.  Bromic- 
ETHER.  CoH-Br.  This  substitute,  as  an  anesthetic,  for  ether  and 
chloroform  is  a  colorless,  inflanmiable,  volatile  liquid,  with  a  burning 
taste.  It  is  insoluble  in  water  and  boils  at  39°  C.  Although  it  is  an 
efficient  anesthetic  yet  it  probabl^y  presents  no  advantages  over  com- 
mon sulphuric  ether. 

Ethyl  bromid,  Eye  symptoms  from  inhalation  of.  Inhalation  of 
ethylhroinid  may  iiidurc  reddening  of  the  eye,  ladiryniation  and  hyper- 
tonia of  the  conjunctiva.  The  jtupils  may  become  dilated  soon  after 
beginning  the  narcosis  and  remain  until  its  completion.  These  symp- 
toms were  noticed  in  several  hundred  cases.  On  the  other  hand,  in 
a  case  of  fatal  ethyl  lii'omide  nai'cosis  with  paralysis  of  the  heart  a 
contracted  pupil  was  noted.  Immediately  after  the  cessation  of 
attemj)ts  at  resu.scitation  (heai't  massage)  a  dilated  pupil  was  noticed. 
In  this  inslance  tlic  usual  rule  ai)plies,  viz.,  on  tlie  a])pearance  of  dis- 
turbed respiralion  or  cyanosis  during  narcosis  the  i)uj)ils  become 
dilated.  In  anotlier  case  the  eyes  turned  convulsively  ui)war(ls  about 
ten  seconds  after  the  narcosis  had  been  well  midei-  way.  In  one 
instance  only  li;is  ethylbr'omid  narcosis  caused  pei-nuinent  loss  of  vision. 

Ethyl  chloride.  AIoxociieoretiiank.  Keeexk.  Ciieeexe.  ('.TI-Cl. 
At  ordinary  lemperatufes  this  e()ni|)oiiii(l.  made  from  ethyl  alcohol  by 
the  action  of  hydrochloric  acid,  is  a  gas.  It  is  easilN-  compi'essed  into 
a  colorless,  wry  volatile  litpiid.  Kelene  is  highly  inllannnable  and 
liurns  with  a  gi'een  flame.  It  is  connnoidy  used  in  minor  and  dental 
surgery  ;is  a  local  anesthetic  in  the  form  of  a  spray,  the  heat  of  the 
hand  lieing  suf"ficie?it  to  force  a  stream  from  the  tube  in  which  it  is 
marketeil.  The  end  of  the  tube  is  genei-ally  heM  fro)ii  (i  t(»  ID  inches 
from  the  surface  to  be  s]>raye(l. 

It  is  ;ilso  used  as  an  inhalant  for  producing  general  narcosis. 


4542    ETHYLENBROMID,  OCULO-TOXIC  SYMPTOMS  FROM 

Rapid  and  eomploto  aiiestliesia  is  prodiu'od  by  this  drug,  but  if  it 
be  inhaled  in  hu'ge  (juantities,  or  if  air  ])e  excluded  for  even  a  few  min- 
utes, there  is  great  danger  of  respiratory  paralysis  and  failure  of  the 
heart's  action.  Nausea  and  vomiting  follow  its  use  so  that  it  is  not  well 
adapted  to  ophthalmic  surgery.  Moreover,  it  does  not  relax  the  muscles 
as  well  as  ether  or  chloroform. 

Occasionally  ocular  symptoms  are  produced  from  contact  with  the 
external  eye.  One  of  these  is  keratitis  followed  by  an  opacity  of  the 
cornea. 
Ethylenbromid,  Oculo-toxic  sjrmptoms  from.  Ethylene  bromide.  This 
poisonous  agent  is  occasionally  i:)rescribed  or  taken,  in  error,  for 
ethylbromid.  Persons  who  inhale  the  fumes  of  ethylene  bromide  show 
a  marked  conjunctivitis  in  addition  to  the  severe  general  symptoms. 
Pupillary  disturbances  also  occur. 
Ethylene  chloride.  Ethylene  dichloride.  Liquor  hollandicus. 
DiCHLORETHANE.  DuTCH  LIQUID.  Ethyl  CHLORIDE.  This  is  a  color- 
less,  oily  liquid  with  a  rather  pleasant  odor  and  sweet  taste.  The  vapor 
is  irritating.  It  is  soluble  in  alcohol  and  slightly  soluble  in  water.  It 
has  been  used  as  a  general  anesthetic  instead  of  chloroform  for  opera- 
tions on  the  eye,  but  its  use  for  that  purpose  has  been  very  properly 
restricted. 

According  to  Parsons  (Pathology  of  the  Eye,  p.  1007)  clouding  of 
the  cornea,  first  observed  by  Dubois,  may  occur  after  continued  inhala- 
tion of  ethylene  chloride.  This  is  probably  due  to  necrosis  of  the 
endothelium.  There  is  also  considerable  conjunctival  injection  with 
lachrymation  and  photophobia;  while  the  cornea  becomes  white  like 
porcelain,  and  the  pupil  is  dilated.  The  opacity,  after  a  week  or  more, 
commences  to  clear  from  the  periphery  towards  the  centre ;  occasionally 
the  cornea  becomes  conical.  Microscopically,  there  is  necrosis  of  the 
endothelium  and  edema  of  the  substantia  propria,  the  epithelium  being 
normal.  The  condition  may  be  induced  also  by  the  subcutaneous 
injection  or  introduction  into  the  anterior  chamber,  but  not  by  the 
action  of  the  vapor  upon  the  cornea  nor  by  instillations. 

The  effects  of  inhalation  and  subcutaneous  injection  of  ethylene  di- 
chlorid  on  the  eyes  of  dogs,  rabbits  and  guinea  pigs  have  been  investi- 
gated by  Erdmann  (ArrJiiv.  filr  Augenheilk.,  p.  63,  Vol.  73,  1912).  In 
the  dog  a  parenchymatous  opacity  of  the  cornea  develops  from  edema 
of  the  ground  substance  of  the  cornea  in  consequence  of  a  lesion  of 
the  endothelium.  In  the  majority  of  cases  the  cornea  clears  up  from 
the  peripherj^  towards  the  center  after  regeneration  of  the  swelled  or 
detached  endothelium.  In  insufficient  regeneration,  especially  in  older 
animals,  the  opacity  may  stay  for  months  or  permanently.     After 
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tile  cleariug  of  the  cornea  renewed  inhalations  may  again  produce  an 
opacity.  A  tolerance  to  the  poison  has  not  been  observed.  The  patho- 
logical process  consists  in  simple  edema,  never  complicated  by  inflam- 
matory infiltration  or  vascularization.  The  epithelium  also  suffers  an 
edematous  imbibition,  indicated  by  expansion  of  the  intercellular  spaces 
and  the  formation  of  vacuoles,  but  it  is  never  elevated  in  form  of 
vesicles.  Tension  is  not  unfrequently  lowered.  In  longer  duration 
the  spongy  parenchyma  may  present  larger  lacunaj  filled  with  fluid 
and  detached,  partly  necrosed,  lamelke.  After  transient  edema  com- 
plete restitution  may  occur.  Chronic  edema  may  lead  to  immigration 
of  pigment  into  the  epithelium  from  the  limbus  and  to  the  formation 
of  a  sub-epithelial,  nuclear,  fibrillar  tissue,  causing,  with  the  irregular 
arrangement  of  the  fixed  cells  and  the  undulary  course  of  the  lamellge, 
the  remaining  opacity  of  the  cornea  after  subsidence  of  the  edema. 
The  edematous  cornea  by  yielding  to  the  intraocular  pressure  may 
assume  a  greater  curvature. 

The  parenchymatous  opacity  of  the  cornea,  produced  by  the  absorp- 
tion of  ethylene  dichlorid,  resembles  the  edematous  opacity  following 
direct  mechanical  or  chemical  lesions  of  the  endothelium  from  the 
anterior  chamber.  It  is  also  similar  to  certain,  not  inflammatory,  con- 
genital opacities  of  the  cornea  in  man,  which  are  mainly  due  to  swelling 
of  the  parenchyma  in  defects  of  Descemet's  membrane  or  permeability 
of  the  endothelium.  In  some  cases  a  deleterious  influence  on  the  epithe- 
lium of  the  lens  capsule  was  apparent  by  the  development  of  blister 
cells  at  the  equator.  Hyperemia  and  formations  of  blisters  on  the 
ciliary  processes  were  ascertained  as  a  consequence  of  the  passage  of 
the  poison  from  the  circulation  into  the  aqueous. 

Injection  of  ethylene  dichlorid  into  the  anterior  chamber  produced 
intense  local  inflammatory  changes.  Vapors  of  ethylene  dichlorid 
striking  the  eye  directly  cause  intense  inflammations  and  a  lesion  of 
the  cornea  with  shrinking,  which  by  longer  action  may  extend  to  the 
endothelium  and  may  be  followed  by  an  edematous  imbibition  of  the 
danuiged  parenchyma.  Erosions  developing  on  the  edematous  cornea 
in  form  of  streaks  or  areas  heal  normally.  If  the  edema  sprt^ads  to 
the  epithelium  a  single  instillation  of  fluorescein  stains  the  whole  thick 
ness  of  the  edematous  parenchyma  difil'usely  green. 

Ethylene  dicliloi-id  is  oplithahiiologieally  of  great  interest,  as  it 
enables  us  to  prodiHT  in  \\\r  dog  a  lesion  of  the  corneal  endotlidium 
with  suljscqncnt  e(h'iuatous  opacity  of  the  cornea  ])y  absorption,  \vi1li- 
out  essential  damage  to  the  other  parts  of  the  eye.  See  Toxic 
amblyopia. 
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Ethylhydrocuprein  chloride.  See,  t'oi'  a  full  description  of  this  agent, 
the  t'lul  of  the  section  on  Cornea,  Serpent  ulcer  of. 

Ethylidenediamin.  A- poisonous  ptoniaine  ohtained  from  decomposing 
fish,  e.  g.,  from  haddock.  Injections  of  the  ptomaine  in  mice  and 
guinea-pigs  produce  abundant  flow  of  secretion  from  the  nose,  mouth, 
and  eyes ;  tlie  pupils  dilate  and  the  eyeballs  project.  Violent  dyspnea 
follows  and  continues  until  death,  which  does  not  take  place  for  twenty- 
Wmv  hours  or  more.    The  heart  is  stopped  in  diastole. —  (Gould.) 

Ethyl-morphine  hydrochloride.     See  Dionin. 

Ethyl-morphin  iodide.  This  agent  is  allied  to  dionin — the  ethyl- 
morphin  hydroehlorid.  Because  of  good  results  obtained  by  using 
iodoform  with  dionin  (ethyl-morphin-hydrochlorid)  Sylla  (Woch.  f. 
Therap.  u.  Ilijg.  d.  Auges,  Feb.  10,  17,  24  and  Mar.  3,  1910)  was  led 
to  tr}^  ethyl-morphiniodide  as  a  substitute.  It  is  less  soluble  than 
dionin,  only  4  per  cent.,  and  on  that  account  is  commonly  used  in 
powder.  It  produces  much  less  pain,  hyperemia  and  edema  than 
dionin.  But  Sylla  claims  it  is  equal  to  the  latter  in  power  of  stimulat- 
ing resorption.  To  preserve  in  full  its  activity  ethyl-morphin-iodide 
should  be  kept  in  bottles  of  smoked,  black  or  gray  glass.  Hillegas 
{Homeo.  Eye,  Ear  and  Throat  Jour.,  Vol.  16,  p.  311,  1910)  reports  good 
results  from  the  use  of  this  drug  in  powder,  and  also  in  2  per  cent, 
solution,  in  ulcer  and  burn  of  the  cornea. 

The  Editor  has  employed  this  remedy  in  the  form  of  powder  as  a 
substitute  for  dionin  and  finds  it  of  considerable'  value.  He  generally 
reserves  its  employment  for  those  cases  in  which  the  latter  remedy  fails, 
either  from  prolonged  use  or  for  other  reasons,  to  produce  the  conjunc- 
tival edema  that  chiefly  indicates  a  favorable  reaction. 

Ethyl  nitrite.  Nitrous  ether.  The  "spirits"  of  nitrous  ether  is  a 
15  per  cent,  solution  of  true  ethyl  nitrite  in  ethyl  alcohol.  It  is  a 
yellowdsh,  ethereal,  aromatic,  inflammable  and  very  volatile  liquid. 
There  are  very  few  oculotoxic  symptoms  attributed  to  its  employment, 
although  it  is  readily  absorbed  by  the  capillaries  and  lymphatic  vessels. 
When  inhaled  or  taken  internally  it  converts  oxyhemoglobin  into  met- 
hemoglobin.  Large  doses  may  produce  general  collapse  with  almost 
imperceptible  pulse,  or,  in  other  cases  of  poisoning,  acceleration  of  the 
pulse  with  cyanosis  and  dilatation  as  well  as  immobility  of  the  pupils. 

Ethyl  phenylcarbamate.     See  Euphorin. 
Etincelle.     (F.)     Spark. 

Etiolated  cataract.  An  obsolete  term  for  a  very  white,  stellate  opacity 
in  the  lens. 

Etoile.     (F.)     SteUate. 

Etourdissement.     (F.)     Dizziness;  vertigo:  stupor;  shock. 
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Ettmliller,  Christian  Friedrich.  An  eighteenth  century  German  phy- 
sician, of  some  ophthalmologic  importance.  Born  at  Altgersdorf,  near 
Zittau,  in  1773,  he  received  his  medical  degree  at  Wittenberg  in  1796, 
and  afterwards  entered  the  army  in  a  medical  capacity'.  He  was  also 
for  a  long  time  county  physician  (Kreis-Arzt)  at  Delitsch.  In  addition 
to  numerous  works  of  a  general  medical  character,  he  wrote  the  follow- 
ing :  1.  Abhandlung  liber  die  Krankheiten  der  Augen  und  Augenlider. 
(Leipsic,  1799.)  2.  Von  den  Mitteln,  die  Gesundheit  der  Augen  zu 
Erhaltcii.     ( Liibben,  1800;  2d  ed.,  1802.)  — (T.  H.  S.) 

Eusesthesia.     (L.)     A  normal  condition  of  the  senses. 

Eucain.  This  important  drug,  chemically  allied  to  cocain  and  used 
as  a  substitute  for  that  anesthetic,  wa.s  first  recommended  l)y  ^lerling. 
There  are  two  modifications  of  this  agent,  eucain  "A"  and  "B" — now 
called  "■  Alpha-eucain"  and  "Beta-eucain"  respectively.  Alpha-eucain 
is  a  synthetic  derivative  of  triacetonamine ;  beta-eucain  is  derived  from 
vinyldiacetone-akalmine.  Both  are  proprietary  remedies  and  were 
issued  by  the  same  firm  but  the  latter  is  the  one  now  recommended  as  a 
cocain  substitute  under  the  tra'de  name  beta-eucaine  hydrochloride  or 
eucaine  hydrochloride-B.  The  drug  does  not  blanch  the  conjunctiva 
and  its  instillations  are  occasionally  painful. 

In  1  to  3  per  cent,  watery  solution,  beta-eucain  does  not  produce 
mydriasis  or  paresis  of  accommodation,  is  not  poisonous  and  is  less 
lia])le  to  decomposition  tlian  cocain  and  can  be  boiled  without  decom- 
posing. The  lactate  is  by  several  ophthalmologists,  including  Darici* 
(Therapcutique  Oculaire,  p.  77),  regarded  as  a  desirable  and  efficient 
local  anesthetic.  It  is  nnicli  more  soluble  than  eucaine-B  chloride  and 
quite  as  stable.  In  eye  surgery  it  is  used  in  2  to  15  per  cent,  solutions. 
It  enters,  with  suprarenaline,  into  the  composition  of  eucapren  (q.  v.). 

Eucain  (Beta)  lactate.  Benzoylvinyldiacetonealkalmine  lactate. 
Tills  <-oiii])<)uiid  is  a  white  powder,  soluble  in  five  parts  of  water,  9 
of  alcohol  and  20  of  glycerine.  It  is  a  valuable  local  anesthetic  and 
owing  to  it.s  greater  solubilily  in  water  than  eucaine  is  preferred  to  it 
in  iiuiny  inixt hits.  Alone  it  is  employed  in  from  2  1o  15  p(>r  cent, 
solutions. 

Eucalyptus  oil.  The  volatile  oil  obtained  fi'om  Eucalyptus  ghihulus,  or 
Austi'alian  hlue-guin  tree,  is  a  colorless  or  yellowish  li(|uid  used  both 
for  inhalation  (in  asthma)  and  as  an  exiernal  ai)|)li('ation  in  skin 
diseases.  In  doses  from  5  to  15  niiniins  i1  is  taken  intei'nally,  usually 
in  the  form  of  an  emulsion.  Lewin  and  (hiillery  {Die  WirhiiHfirn  von 
('iift(n  auf  (his  Auge,  Vol.  1,  p.  ]:'>())  state  that  in  cases  of  ])oisoning 
fi-oui  large  doses  of  this  agent  the  pupils  are  contracted  and  ininiovahle. 
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Eucapren,     Eucaren aline.     This  is  a  proprietary  combination  of  a  one 
per  eeut.  solution  of  beta-eueaine  lactate  with  0.5  niilligrni.  of  supraren- 
alin  per  c.c.    It  is  marketed  by  Armour  &  Co.,  and  used  like  cocaren- 
aline   and  similar  compounds  as  a  local  anesthetic,   hemostatic  and 
blanching  agent  in  ophthalmic  operations.     The  Editor  can  speak  con- 
lldently  of  its  value. 
Eucerin.     The  trade  name  of  an  ointment  base  said  to  be  prepared 
from  the  "pure  wax  alcohol  of  wool  fat,"  and  to  be  superior  to  wool 
fat,  petrolatum  or  any  of  the  paraliin  bases.     According  to  the  pro- 
prietors, the  advantages  of  eucerin  in  ophthalmic  practice  are  chiefly 
due  to  the  fact  it  is  neutral  and  not  affected  by  acids  or  bases,  with 
both  of  which  it  gives  perfectly  durable  mixtures.     It  never  turns 
rancid,  and  its  keeping  qualities  are  unlimited.     It  is  homogeneous 
and  odorless,  and  of  perfect  ointment  consistency.     It  forms  with  aU 
liquids,  aqueous  solutions,  and  water — of  which  it  takes  up  to  150  per 
cent. — permanent,  durable,  homogeneous  mixtures,  and  therefore  is 
especially   suited   for   cooling   ointments    and   pastes.     Owing   to   its 
hydrophilic  nature,  eucerin  is  readily  absorbed  by  the  skin,  and  there- 
fore brings  any  medicaments  incorporated  with  it  quickly  and  surely 
to  action  even  in  the  deeper  parts  of  the  epidermis.  Eucerin  anhydrous 
is  suitable  for  ointments  of  all  kinds,  but  especially  those  which  are  to 
take  medicaments  in  the  form  of  aqueous  solutions,  as  liquor  aluminii 
acetici,  resorcin,  potassium  iodide,  and  others.     Eucerin  hydrous  has 
all  the  advantages  of  the  eucerinum  anliydricum,  but  is  preferable  for 
ointments  or  pastes  which  are  to  be  prepared  with  powders  insoluble  in 
water — boric  acid,  zinc  oxide,  tar,  etc.     As  an  ointment  in  itself  it  is 
very  suitable  as  a  covering  and  cooling  ointment  for  injured  and  in- 
flamed parts  in  place  of  glycerine,  lanoline,  or  cold  cream. 
Euchlore.       Euchloric.     Having  a  distinctly  green  color. 
Euchromatopsia.     Correct  recognition  of  colors.     Normal  color  sense. 
Euclid.     A  mathematician,  optician  and  astronomer  who  flourished  at 
Alexandria  B.  C.  280.     His  school  of  mathematics  was  not  only  the 
first  to  be  established  at  the  Egyptian  capital,  but  it  remained  in  useful 
existence  until  the  Mohammedan  conquest  (7th  century  A.  D.) .    Euclid 
wrote  "Elements,"  "Data,"  "  An  Introduction  to  Harmony,"  "Pheno- 
mena," "Optics"  (certainly  genuine),  "Katoptrics"   (now  certainly 
known  to  be  spurious,  and  attributable,  probably,  to  Theron). 

Because  of  his  work  on  "Optics,"  Euclid  is  easily  the  "father" 
of  that  subject.  In  this  book  the  following  passages  are  of  especial 
historical  interest:  "We  must  accept  that  the  visual  rays  which  pass 
out  from  the  eyes,  proceed  in  straight  lines,  leaving  between  them 
certain  intervening  spaces.    The  figure  formed  by  the  visual  rays  is  a 
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cone,  whose  point  lies  at  the  eye,  its  base,  however,  upon  the  edges  of 
the  visual  objects.  We  see  only  those  things  on  which  fall  these  visual 
rays;  we  do  not  see  those  things  on  which  these  rays  do  not  fall.  No 
visible  object  is  ever  seen  as  a  whole  simultaneously.  We  seem,  how- 
ever, to  see  the  whole  object,  because  the  visual  rays  are  rapidly  moved 
from  one  side  to  another. ' ' 


3 

A  Demonstration  in  Optics.     (Euclid.) 

The  following  passage,  as  pointed  out  by  Hirschberg,  is  the  earliest 
mention  in  history  of  what  is  known  today  as  "the  smallest  visual 
angle. "  "  For  every  visible  object  there  is  a  certain  distance  from  the 
eye  at  which  it  ceases  to  be  visible.  Let  B  be  the  eye,  GD  the  visible 
object,  I  now  assert  that  GD,  at  a  certain  distance  from  the  eye, 
remains  no  longer  visible.  Let  GD  be  brought  into  the  interval 
between  the  visual  rays  at  K:  then  no  visual  ray  proceeding  from  B 
will  fall  upon  K. " 

It  is  really  a  wonder  that  Euclid  did  not,  advancing  just  one  step 
farther,  invent  a  card  of  test-types. —  (T.  H.  S.) 

Eucyclos.     (L.)     Orbicular;  circular. 

Eudrenine.  Tliis  is  a  concentrated  solution  of  eucaine  and  adrenaline. 
Kacli  cc.  contains  eucaine  0.15  grain  (U.Ol  gm.)  and  adrenalin  1-2000 
grain  (0.03  mgr.).  One-half  to  1  cc.  is  suitable  for  ordinary  hypo- 
dermic dose.  Diluted  with  four  volumes  of  normal  saline  solution  it 
forms  a  solution  suitable  for  local  infiltration  anesthesia. 

Euelpidion.  lOiiKLPinirM.  An  ancient  and  o])solete  term  for  a  liquid 
(M)llyi'iiiin. 

Eug"enia  corymbosa.  A  species  of  phint  found  in  llie  Kast  Indies.  An 
infusion  of  tlic  hark  is  us<'d  in  ophthalmia. 

Eugenic  acid.     Sec  Eugenol. 

Eugenics.  The  science  and  art  of  improving  the  human  race  by 
;i|)|)lyin^-  1hc  ascertained  laws  of  inlieritance  of  characteristics  to  the 
selection  nf  marriage  mates,  with  the  aim  of  securing  to  tlie  offspring 
a  desira])k'  comhinalion   of  trails,    including  resistance  to  untoward 
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conditions;  the  Icnii  was  first  used  hy  Sir  Francis  Galton  in  1884. — 
{Standard  DictivHarij. ) 

C.  P.  Franklin  {Jour.  Med.  Sf)r.,  New  Jersey,  \'ol.  !),  p.  437,  1913) 
has  discussed  the  special  relations  of  eugenics  to  the  ophthalmologist. 

Eug-enol.  Eugenic  acid.  CiqUjoOo.  This  agent  is  a  colorless,  oily  liquid 
which  darkens  on  exposure.  It  is  an  oxidation  product  of  oil  of  cloves, 
with  a  strong  clove  odor,  and  is  a  powerful  antiseptic  and  antiputres- 
cent.  While  it  reduces  the  sensibility  of  the  conjunctiva  and  cornea  it 
does  not  bring  about  complete  anesthesia. 

Eugenol  acetamide  is  a  crystalline,  non-caustic  antiseptic,  like 
eugenol.  It  has  a  strong  clovelike  odor  and  has  been  recommended  as 
a  local  anesthetic.  It  produces  considerable  anesthesia  of  most  mucous 
membranes  but  there  does  not  seem  to  be  any  reason  why  it  should  ever 
displace  cocaine,  eucaine  or  alypin  in  ophthalmic  therapy 

Eukinesia.      (L.)     Normal  power  of  movement. 

Euler,  Leonard.  A  famous  optician  and  professor  of  mathematics, 
who,  during  the  last  seventeen  years  of  his  life,  was  totally  blind. 

He  was  born,  the  son  of  a  Protestant  minister,  at  Basle,  Switzerland, 
April  15,  1707.  When  twenty-eight  years  of  age,  he  became  blind  in 
one  eye  as  the  result,  according  to  some,  of  three  days  uninterrupted 
reading  and  thought,  according  to  others,  however,  of  a  severe  fever. 
At  the  age  of  fifty-nine,  Euler  lost  the  other  eye.  Twelve  years  later 
(in  1778)  he  received  at  the  hands  of  a  famous  oculist,  Baron  Wenzell, 
a  complete  restoration  of  the  sight  of  one  eye.  Soon,  however,  owing, 
it  is  said,  to  long-continued  reading,  he  became  completely  blind  again, 
and  so  remained  until  his  death. 

Euler,  after  the  onset  of  his  blindness,  wrote  a  number  of  valuable 
books — one,  in  particular,  on  algebra,  of  very  high  repute,  and  several, 
of  scarcely  less  repute,  concerning  the  moon.  He  was  wont  to  declare 
that  his  powers  of  mind  had  been  enormously  increased  by  his  blind- 
ness, and  that  he  had  no  cause  at  all  to  regret  what,  to  others,  must 
have  appeared  as  an  inexpressible  calamity. 

In  1730  he  became  professor  of  Physics  at  the  Academy  in  St.  Peters- 
burg, and  in  1733,  in  the  place  of  Bernouilli,  professor  of  the  higher 
mathematics  in  the  same  institution.  In  1741  he  went  to  Berlin  as 
Director  of  the  mathematical  class.  In  1736  he  published  "Mechanica 
sive  Mot  us  Scicntia  Analytica  E.rposita,"  a  valued  contribution  to  its 
subject.  He  was  also  very  active  in  the  field  of  optics,  bitterly  opposing 
both  the  omission  theory  of  light  and  also  the  theory  of  immediate 
action  at  a  distance.  Euler  it  was,  in  fact,  who,  next  to  Fresnel, 
afforded  the  greatest  service  in  establishing  on  a  firm  (it  would  almost 
seem  a  permanent)  foundation  the  theory  of  a  luminiferous  ether. 
And  Euler  himself  was  blind ! 
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On  tile  7th  of  Sept.,  1783,  the  brilliant  blind  man,  who  had  done 
so  much  to  increase  our  knowledge  of  the  world  visible,  as  well  as  the 
manner  of  its  visibility,  passed  from  life,  as,  long  before,  he  had  passed 
from  light.  He  had  dined  with  Lexell.  and  had  been  conversing  on 
the  newly  discovered  planet,  Herschell,  and  also  on  the  motions  of 
balloons,  when,  just  as  he  began  to  play  with  his  grandchild,  lie  fell 
over  suddenly  and  expired. —  (T.  H.  S.) 
Eumydrin.  Atropin  methyl  nitrate.  Methylatropin  nitrate.  This 
remedy  is  a  white,  odorless  crystalline  salt  resulting  from  the  action  of 
atropin  on  methyl  nitrate.  It  melts  at  160°  C  (325°  F.)  is  readily 
soluble  in  water  and  alcohol ;  sparingly  dissolved  by  ether. 

This  agent  is  employed  as  a  substitute   (although  its  action  is  dis- 
tinctly weaker;  for  atropia  on  account  of  its  non-toxic  cpiality. 

Goldberg  noticed  that  a  one  per  cent,   solution  acts  from   five  to 
eight  minutes  cjuicker  than  a  1  to  1000  solution  of  atropin,  producing 
a  dilatation  of  the  pupil  from  2.5  to  3  mm.,  and  that  its  effect  disappears 
toward  the  end  of  the  second  day,  while  the  atropia  mydriasis  is  still 
present  on  the  fourth  day.    It  acts  more  rapidly  and  thoroughly  than 
homatropia  solution  of  the  same  strength  and  its  effects  last  about 
twelve  hours  longer.     As  a  ciliary  and  iridic  paretic  agent  it  ranks 
between  atropia  and  homatropia.     In  pathologic  conditions  the  effects 
of  a  one  per  cent,  solution  seem  to  be  about  the  same  as  that  of  one 
per  cent,  atropia  solution,  but  it  is  not  so  lasting.    IMoreover,  the  drug 
produced  no  increase  of  pressure  or  other  untoward  phenomenon  either 
in  the  normal  or  diseased  eye. 
Euon5niiin.     This  agent  is  a  glucoside  mixture  obtained  from  the  bark 
and  root  of  Euonijmus  aivopurpurcus,  the  burning  brush,  bitter  ash,  or 
American  arrow-wood  tre(>.    It  is  a  yellowish  powder.     In  its  action  on 
the  eye  it  resembles  digitalis;  in  large  doses  it  causes  a  mydriasis. 
Euphlogie.     (F.)     Slight,  transitory  inflammation. 
Euphorbia  nivulia.     A  species  indigenous  to   the  East  Indies,   very 
much  like  the  Euphorbia,  ligularia.    The  juice  of  the  leaves,  warmed,  is 
used  for  earache,  and  is  sometimes  rubbed  over  the  eyes  to  remove 
dimness  of  sight. 
Euphorbium.     Gum-euphorbium,  the  concrete  resinous  juice  of  certain 
si«-cies  of  Euplwrhia.     Its  precise  source   is  unknown,   having  been 
ascribed  to  Euphorbia  officinarum,  esula,  canariensis,  antiquorum,  etc., 
but  it  is  now  thought  that  Euphorbia  resinifera  is  its  chief  source,  most 
of  it  coming  from  Morocco  and  Barbary.     It  occurs  in  the  form  of 
tears  or  ol)long  masses  of  about  the  size  of  a  pea,  with  small  holes 
produced  by  tlir  prickles  of  the  plant,  and  has  a  light-yellowish  or  red- 
dish color,  Mciid  taste,  and  slight  odor.     It  contains  resin,  wax,  calcium 
raalate,  lignin,  bassorin,  volatile  oil,  and  water,  and  is  violently  emetic 
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and  cathartic.  Largely  diluted  with  wheat-flour  or  starch,  it  is 
employed  as  an  errhine  in  amaurosis,  deafness  and  other  obstinate 
affections  oi"  the  head. —  (Foster.) 
Euphorin.  Ethyl  phenylcarbamate.  Phenylurethane.  A  white, 
colorless,  crystalline  powder  with  a  faint  aromatic  odor  and  an  after- 
taste of  cloves.  It  is  sparingly  soluble  in  water,  more  soluble  in  alcohol. 
It  is  an  analgesic  and  antiseptic  and  is  generally  used  in  powder  form 
as  an  ointment. 

Euphorin  w^as  recommended  in  1890  by  L.  Sansoni  {TherapeutiscJie 
ManatsJwfte,  1890,  p.  452)  as  an  antiseptic  for  the  treatment  of  obsti- 
nate corneal  ulcers  and  chronic  oplithalmia,  in  the  form  of  a  powder, 
but  this  method  of  treatment  appears  to  have  passed  into  oblivion. 

For  the  relief  of  the  pain  of  herpes  zoster  ophthalmicus  it  has  been 
prescribed  as  a  dusting  powder  to  be  applied  to  the  scabs  or  vesicles. 
Euphos  glass.  According  to  F.  Schanz  {Ophthalmology,  Vol.  IX,  Jan., 
1913)  this  is  a  yellows-greenish  tinted  glass  which  absorbs  the  ultra- 
violet rays  of  light,  at  the  same  time  weakening  the  visible  rays  as 
little  asposible.  It  is  made  in  two  shades,  "A"  and  "B."  Shade  "A" 
is  used  for  ordinary  cases  of  eye  protection,  such  as  in  hunting,  auto- 
mobile drivers,  etc.  Shade  "B"  is  employed  for  guarding  the  eyes 
against  very  strong  lights,  such  as  high-power  electric  lamps,  reflec- 
tions from  sunlight  on  the  snow,  and  in  such  occupations  as  that  of 
glassblow^ers,  and  electric  arclight  regulators.  Roald  Amundsen  of 
the  South  Polar  expedition  wrote  that  he  and  one  other  member  wore 
them  during  the  whole  time  he  was  seeking  the  South  Pole,  and  did 
not  have  a  symptom  of  snow-blindness,  while  his  companions,  who  used 
other  glasses,  w^ere  all  more  or  less  affected. 

Meyer  {Woch.  f.  Ther.  u.  Hyg.  des  Auges,  July  3,  1913)  gave  euphos 
glass  a  thorough  trial  while  on  a  three  weeks'  cruise  on  a  man  of  war. 
His  experience  with  this  glass,  under  most  variable  conditions,  was  so 
satisfactory  that  lie  is  convinced  it  will  prove  serviceable  in  both  the 
army  and  navy. 

Wearing  such  glasses,  he  found  the  dazzling  due  to  the  reflection  of 
the  sun's  rays  by  the  water,  the  glare  of  searchlights,  etc.,  distinctly 
lessened  without  visual  acuity  lieing  impaired;  on  the  contrary,  he 
frequently  noticed  improvement  of  vision.  For  example,  when  his 
boat  was  leaving  the  harbor  the  sun  was  directly  behind,  and  it  was 
impossible  to  discern  that  part  of  the  coast  line  with  the  glare,  but  with 
euphos  glasses  the  coast  line  appeared  of  normal  outline. 

He  also  contends  that  with  these  glasses  vision  at  twilight  is  improved, 
because  the  shadow^s  appear  intensified,  and  that  prolonged  wearing 
of  the  glasses  results  in  more  rapid  dark  adaptation,  a  factor  which 
certainly  ought  to  prove  of  value  in  these  days  of  modem  warfare, 
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with  night  marches  and  night  engagements  rather  the  rule  than  the 
exception. 
Euphrasia.  Byebright.  Eyewart.  Euphrasy.  Euphrasia  officinalis 
is  a  species  commonly  found  in  heaths  and  dry  meadows,  formerly 
held  in  high  repute  for  its  medicinal  virtues,  the  variety  pratensis 
being  recommended  as  the  best  because  its  herb,  herba  euphrasice, 
(seu  euphragriv,  seu  ophthalmica,  sen  ocularia  (Ger.,  Augentrost- 
kraut,  Augenkraut)  contains  more  of  the  astringent  and  bitter 
properties  than  the  other  varieties.  Its  use  was  recommended  by  the 
old  herbalists  both  outwardly  and  inwardly,  in  powder  and  in  decoc- 
tion, for  diseases  of  the  eyes.  It  is  still  a  domestic  remedy,  and  has  been 
recommended  for  colds  in  the  head. —  (Foster.) 

Euphrasy  was  once  supposed  to  be  of  marvelous  efficacy  in  clarifying 
the  vision.    Hence,  Milton,  "Paradise  Last,"  Book  XI: 
".     .     .     but  to  nobler  sights 
Michael  from  Adam's  eyes  the  film  removed, 
Which  that  false  fruit  that  promised  clearer  sight 
Had  bred ;  then  cleansed  with  euphrasy  and  rue 
The  visual  nerve,  for  he  had  much  to  see." — (T.  H.  S.) 
Euphthalmin.     This  agent  is  usually  prescribed  as  the  hydrochloride. 
It  is  a  colorless,  crystalline  powder,  very  soluble  in  water  and  alcohol 
and,  chemically,  is  a  mandelic  acid  derivative  of  beta-eucaine. 

Two  drops  of  a  5  per  cent,  solution  produces  complete  dilation  of  the 
pupil,  with  very  little  effect  upon  the  ciliary  muscle,  in  about  60  min- 
utes. This  lasts  about  two  hours  with  a  return  to  the  normal  size  in 
24  hours. 

Jackson  has  used  it  combined  in  equal  parts  (two  per  cent.)  with 
cocain  for  ophthalmoscopic  examination.  It  produces  in  this  combina- 
tion the  most  satisfactory  mydriasis,  with  the  least  annoyance  to  the 
patient,  in  from  fifteen  minutes  to  half  an  hour.  Its  employment  is 
quite  free  of  pain,  vascular  injection,  rise  of  intraocular  tension  or 
corneal  irritation.  As  mentioned  before,  the  patient  into  whose  eyes 
any  cocain  mixture  is  exhibited  shouhl  keep  them  closed  at  least  one- 
hfilf  tilt'  tiiiif  until  tile  oculiir  cxiimiiiation  is  made. 
European  institutions  for  the  blind.  See  Institutions  and  occupations 
for  the  blind;  as  well  as  Alphabets  and  literature  for  the  blind,  on 
page  1124,  \'()1.  2.  of  1liis  Eii<\i(]<)})<  <lla. 
European  walnut.     Sec  Walnut,  English. 

Europhen.  rKESoi>  todidk.  Tliis  proprietary  compound  contains  27.6 
per  cent,  of  iodine.  It  is  a  light  yellowish,  aromatic,  amorphous 
powder,  analogous  to  thymolis  iodidum,  TT.  R.,  and,  like  it,  is  occasion- 
ally used  as  a  dusting  powder  in  substance,  or  mixed  with  Iwric  acid 
for  the  same  purpose,  in  chancre  of  the  lids,  corneal  ulcer,  trachoma. 
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etc.  It  may  also  be  employed  as  an  oiiitmeut  (5  to  10  per  cent.)  with 
lanolin,  lard,  or  other  exeipient  in  vai'ious  forms  of  blepharitis.  It  has 
not  the  disagreeable  odor  of  iodoform  and  for  that  reason  is  preferred 
by  some  in  treating  lid  wounds  and  for  other  ophthalmic  purposes. 

Eurcpisocephalus.  This  term  was  applied  by  Mayer  to  a  skull  broad 
in  the  occipital  region. 

Eusebius  Asiaticus.  A  blind  Christian  philosopher  of  the  fourth 
century.  lie  wholly  lust  his  sight  wlien  five  years  old,  but  became  a 
famous  preacher  and  philosopher  notwithstanding.  Nothing  else  is 
known  about  him. —  (T.  H.  S.) 

Eusemie.  (F.)  The  whole  of  the  favorable  symptoms  noticed  during 
an  illness. 

Eusemin.  This  is  the  trade  name  of  a  member  of  that  numerous  class 
— combinations  of  a  local  anesthetic  with  a  suprarenal  derivative.  It 
is  a  mixture  of  0.00075  per  cent,  of  cocain  with  0.0005  of  adrenalin 
and  recommended  chiefly  for  intracutaneous,  hypodermic  and  subcon- 
junctival injections.  Half  a  ce.  sutfices  for  advancement  of  a  tendon; 
1  to  2  cc.  is  enough  for  enucleation. 

Ideler  {Therapeutische  Monatsheftc,  July,  1907),  who  had  employed 
eusemin  both  by  instillation  and  injection  in  one  hundred  minor  opera- 
tions on  the  eye,  states  that  the  results  were  almost  always  satisfactory. 
Vossius   {Deutsch.  Med.   Wochenschr.,  Dec,  1906)    has  performed 
extirpation  of  the  lachrymal  sac  under  eusemin. 

Euthelioma.  A  name  given  to  non-malignant  intraocular  tumors,  espe- 
cially to  innocent  tumors  of  the  ciliary  bod.y.  They  are  also  referred 
to  as  adenoma,  epithelioma  henigna,  and  (by  Fuchs)  as  innoeent 
tumors  of  the  eilianj  epitheJiiim.    See  Ciliary  body,  Tumors  of  the. 

Euthyopisthocranius.  (L.)  A  term  used  in  ethnic  examinations  to 
descrilie  an  angle  of  between  154°  and  172°,  formed  by  the  union  of 
two  lines  drawn  from  the  external  occipital  protuberance  and  the 
punetum  occipitale,  at  the  point  upon  the  skull  highest  above  the  hori- 
zontal plane. 

Euthyuranus.  (L.)  In  cranial  measurements,  having  an  angle  of 
from  16;i.5°  to  180°  formed  at  a  ])oint  highest  above  and  in  the  same 
vertical  plane  witli  a  line  drawn  from  the  punetum  oeeipitale  to  the 
punetum  hregmatis,  the  angle  lieing  formed  by  two  lines  drawn  from 
those  points  respectively  and  meeting  at  the  point  indicated. 

Entropion.     Inversion  ;  also  trichiasis. 

Entropion  partiale.  (L.)  An  inversion  of  the  ciliary  margin  of  the 
eyelid,  so  that  the  edge  of  the  lid  as  well  as  the  cilia  rubs  against  the 
eyeball.     A  partial  trichiasis. 

Entropion  totale.  (L.)  Inversion  of  the  entire  length  of  the  ciliary 
margin  of  the  lid  from  internal  to  external  canthus. 
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Euvaseline.  This  is  the  ordinary  American  vaseline  of  commerce  to 
which  eeresin  (hard  paraffin)  has  been  added.  It  is  supposed  that  in 
its  application  to  the  eye  one  obtains  the  double  action  of  the  vaseline  as 
an  aseptic  application  and  a  protective  action  from  the  admixture  with 
eeresin. 

Evaporating'  lotions.  These  are  generally  eye  waters  or  lotions  con- 
taining alcohol  or  other  substances  capable  of  rapid  evaporation.  They 
produce  cooling  of  the  ocular  region  and  are  frequently  employed  in 
ophthalmic  therapy.  In  addition,  a  number  of  remedies  bring  about  an 
effect  somewhat  similar  to  these  and  are  used  for  like  purposes. 
Aqueous  solutions  of  alcohol,  mixtures  containing  medicated  waters, 
iced  water  with  tinctures  or  essences  and  those  agents  that  are  com- 
monly employed  with  compresses  make  soothing  applications  to  irritated 
eyes. 

Eventail  astigrnatique.     (F.)     Astigmatic  fan. 

Eventail  de  tests.     (F.)     Test  fan. 

Eversbusch,    Oscar.     A  well  knowai  Municli   and   Erlangen   oplithal- 
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iiiologist.  lioni  ;it  llas|)c,  Westphalia,  May  26,  1853,  he  studied  at 
Bonn  and  Munich,  at  the  hitter  institution  receiving  his  degree  in  1877. 
In  1882  he  became  privat  docent  in  o{)l)thalmology  at  IMunich,  and  at 
the  Veterinary  High  School  in  the  same  city,  in  which  capacity  he 
served  till  1886.  From  that  date  till  his  death  in  l!tl2  he  was  full 
f)rofessor  of  ophthalmology  at  Erlangen. 
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Amoug  his  more  important  writings  were  the  following :  1.  Beitrage 
ziir  Genese  der  Serosen  Iris  cysten.  2.  Beitrage  zur  Embryologie 
und  Teratologie  des  Glaskorpers.  3.  Bemerkungen  iiber  die  Anwen- 
dung  der  Antiseptiea.  4.  iJber  einige  Veranderungen  der  Plica 
Semilunaris.  (Munich,  1883.)  5.  Die  Neue  Univ.-Heilanstalt  fiir 
Augenkranhe  in  Erlangen.  (1893.)  6.  Ophthalmolog.  Beitrage.  (In 
Handbuch  der  Therapie  von  Penzoldt  und  Stintzing,  I  and  II  ed.,  1896 
till  1898.)     7.  Augenerkrankungen  im  Kindesalter.    (1912.) 

Eversbusch  was  also  one  of  the  collaborators  on  the  Graefe-Saemisch 
Handbuch.,  2d  ed.,  which  began  to  appear  in  1899. —  (T.  H.  S.) 
Eversion  forceps.     The  principles  involved  in  the  construction  of  most 


Treacher  Collins'  Eversion  Forceps. 

instruments  for  everting  the  lids  is  much  the  same.     A  fair  example  of 
them  is  seen  in  that  invented  by  Treacher  Collins,  pictured  in  the  text. 

Evideanent.  (F.)  The  removal  of  a  substance  (bone,  tissue)  from  a 
natural  or  pathological  cavity.     Exenteration. 

Evil  eye,  The.  To  the  superstitious  the  terror  of  the  art,  supposed  to 
be  possessed  by  witches  and  others,  of  injuring  or  even  killing  with  a 
glance,  is  still  widely  believed.  Charms  and  amulets  are  still  worn  to 
protect  the  innocent  from  those  possessing  the  power  to  "fascinate" 
them.  Among  the  Romans  it  was  customary  when  praising  anything 
to  add  Pracfiscini  direrim  (Fain  Evil!  I  should  say).  This  custom 
survives  in  modern  Italy,  where,  under  similar  circumstances,  it  is  still 
said  Si  mal  occhio  mon  ci  fosse  (May  the  evil  eye  not  strike  it) . 

The  evil  eye  was  probably  originated  in  envy  and  it  is  in  this  way 
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that  it  began  to  be  regarded  as  imlucky  to  have  one's  possessions 
praised. 

According  to  the  Encyclopedia  Britannica  all  sorts  of  powers  have 
been  attributed  to  the  possessor  of  the  evil  eye.  For  example,  a  "fas- 
cinator" is  believed  to  have  killed  in  an  African  town  no  less  than  eighty 
people  in  two  years !  Even  as  late  as  the  18th  century  it  was  believed 
in  the  Scottish  highlands  that  if  a  stranger  admired  a  cow  the  peasants 
thought  she  would  waste  away,  and  they  offered  the  visitor  some  of  her 
milk  to  drink  in  the  belief  that  in  this  manner  the  spell  would  be 
broken.  The  modern  Turks  and  Arabs  also  think  that  their  horses  and 
camels  are  subject  to  the  evil  eye.  But  the  people  of  Italy,  especially 
the  Neapolitans,  are  the  best  modern  instances  of  belief  in  this  super- 
stition. The  jcttatorc,  as  the  owner  of  the  evil  eye  is  called,  is  so 
feared  that  at  his  approach  it  is  scarcely  an  exaggeration  to  say  that  a 
street  will  clear :  everybody  rushes  into  doorways  or  up  alleys,  to  avoid 
the  dreaded  glance.  The  jettatorc  di  hanibini  (fascinator  of  children) 
is  the  most  dreaded  of  all.  The  evil  eye  is  still  much  feared  for  horses 
also  in  India,  China,  Turkey,  Greece ;  indeed,  almost  everywhere  where 
horses  are  found.  In  rural  England  the  pig  is  of  all  animals  most  fre- 
quently "overlooked."  While  the  Italians  are  perhaps  the  greatest 
believers  in  the  evil  eye  as  affecting  persons,  the  superstition  is  rife  in 
the  East.  In  India  the  belief  is  universal.  In  Bombay  the  blast  of  the 
evil  eye  is  supposed  to  be  a  form  of  spirit-possession.  In  western  India 
all  witches  and  wizards  are  said  to  be  evil-eyed.  Modern  Egyptian 
mothers  thus  account  for  the  sickly  appearance  of  their  babies.  In 
Turkey  passages  from  the  Koran  are  painted  on  the  outside  of  houses 
to  save  the  inmates,  and  texts  as  amulets  are  worn  upon  the  person,  or 
hung  upon  camels  and  horses  by  Arabs,  Abyssinians  and  other  peoples. 
The  superstition  is  uiiivei-sal  among  savage  races. 

The  work  on  this  subject  by  Roswell  Park  is  well  known  in  this 
country,  and  among  the  numerous  English  works  on  the  evil  eye  that 
of  Elswortliy,  London,  1895,  is  well  worth  consulting. 

Evisceration  of  the  eyeball.  An  operation  which  consists  in  first  excis- 
ing the  aiiterioi-  portion  of  the  eyeball  and  then  completely  evacuat- 
ing its  contents,  leaving  nothing  behind  but  the  sclerotic.  For  a 
complete  account  of  Ibis  opcriition  niid  its  rcbilions  to  other  pro- 
cediires,  see  Enucleation  of  the  eye  and  its  substitutes. 

Evisceration  of  the  orbit.  Sec  Exenteration  of  the  orbit;  also  Enuclea- 
tion. 

Eviscero-neurotomy.     This    opci'alion,    which    originated   with    EiMiest 
lliill,  of  \'i('t()i'ia,  B.  ('.,  consists  of  an  evisceration  to  which  is  added 
an  excision  of  the  postcrioi-  part  of  the  scleral  cnp  and  resection  of 
Vol.  VI— :io 
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the  optic  nerve.  For  a  detailed  description  of  this  procedure,  see 
Enucleation  of  the  eye  and  its  substitutes. 
Evolution  of  color- vision.  The  sources  of  information  on  the  evolution 
of  color-vision  are  few,  and  the  methods  of  investigation  difficult. 
Not  until  quite  recently  have  researches  in  this  direction  been  carried 
out  in  a  scientific  manner  and  yielded  valuable  results.  As  pointed 
out  by  Pareons  {An  Introduction  to  the  Study  of  Color  Vision,  page 
130)  :  Positive  evidence  is  derived  from  three  chief  sources.  In  the 
first  place  we  naturally  appeal  to  the  visual  sensations  of  lower  ani- 
mals. These  are  extremely  difficult  to  investigate  since  we  are  almost 
wholly  dependent  upon  observation  of  motor  responses  which  the 
animals  make  to  light-stimuli,  though  some  deductions  may  be  made 
from  the  structure  of  the  visual  organs.  In  the  invertebrata  little 
can  be  done  beyond  recording  the  phototropism  of  the  animal,  i.  e.,  its 
attraction  or  repulsion  by  lights  of  different  wave-length  and  intensity, 
as  exhibited  by  its  movements  towards  (positive  phototropism)  or 
away  from  (negative  phototropism)  the  light.  As  we  ascend  the  animal 
scale  the  increase  in  complexity  of  the  nervous  system  and  of  the 
visual  organs  is  accompanied  by  a  corresponding  increase  in  the  com- 
plexity of  the  motor  responses,  associated  with  a  greater  difficulty  in 
their  interpretation.  On  the  other  hand  as  we  descend  the  animal 
scale  from  man  there  is  an  unwarranted  tendency  to  interpret  the 
apparently  purposeful  responses  of  the  animal  in  an  anthropomorphic 
manner,  which  is  not  necessarily  justified  on  neurological  and  psycho- 
logical grounds.  For  example,  we  have  little  knowledge  of  the  psy- 
chology of  the  lower  mammal  with  its  less  highly  developed  nervous 
system.  The  temptation  to  interpret  such  an  animal's  actions  in  terms 
appropriate  only  to  the  human  mind  has  proved  very  great  and  has 
undoubtedly  given  rise  to  error  in  the  past.  Our  deductions  must  of 
necessity  be  anthropomorphic,  since  such  terms  as  visual  sensation, 
attraction,  pleasure,  pain  and  so  on,  have  no  meaning  for  us  except  in 
so  far  as  these  processes  form  a  part  of  the  contents  of  our  own  minds. 
Yet  it  should  be  a  guarded  anthropomorphism,  neither  exaggerating 
the  psychological  elements  nor  flying  to  the  impossible  antithesis  of 
imagining  that  the  anthropomorphism  can  be  eliminated  by  a  new 
terminology. 

In  the  second  place  a  study  of  the  color-vision  of  primitive  races 
may  throw  some  light  on  the  evolution  of  visual  sensations.  It  may 
be  that  some  primitive  races  are  in  a  condition  of  arrested  develop- 
ment— of  vision  as  of  other  faculties.  We  have  only  just  crossed  the 
threshold  of  this  part  of  the  investigation  and  it  is  to  be  hoped  that 
no  time  will  be  lost  in  carrying  it  forward,  lest  the  material  for  the 
research  be  obliterated  by  the  march  of  civilization. 
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The  third  source  of  information  is  the  development  of  visual  sensa- 
tions in  the  infant.  It  is  generally  admitted  that  "ontogeny  is  a 
compressed  phylogeny'' — that  each  individual  passes  rapidly  through 
the  same  stages  of  development  which  have  marked  the  upgrowth  of 
the  race.  Here  again  little  progress  has  been  made  and  the  investi- 
gation is  arduous  and  full  of  pitfalls. 

Beside  these  main  sources  there  are  others  of  less  security.  We  are 
familiar  with  congenital  defects  of  vision  and  it  may  be  that  some 
of  them  are  atavistic,  that  development  has  become  arrested  at  a  stage 
which  corresponds  with  an  earlier  stage  in  the  development  of  the 
race.  Some  arguments,  too,  may  be  derived  from  the  careful  study  of 
normal  color-vision,  but  the  evidence  derived  from  both  these  sources 
is  too  uncertain  to  be  of  much  value.  (C.  P.  S.) 
Evolution  of  the  human  eye.  The  origin  of  the  human  ocular  appara- 
tus from  that  of  lower  fomns  of  animal  life  has  been  discussed  by  various 
scientific  investigators.  Arguments  that  strongly  appeal  to  the  Editor 
are  to  be  found  in  W.  H.  Gaskell's  ''Origin  of  Vertch rates"  and  point 
to  the  derivation  of  all  vertebrate  eyes  from  Pala'ostracan  (that  is  from 
higher  invertebrate)  stock  of  trilobite  and  scorpion  forms.  Gaskell 
summarizes  his  chapter  on  the  Evidence  of  the  Organs  of  Vision,  as 
follows :  '  *  The  most  important  discovery  of  recent  years  which  gives  a 
direct  clue  to  the  ancestry  of  the  vertebrates  is  undoubtedly  the  dis- 
covery that  the  pineal  gland  is  all  that  remains  of  a  pair  of  median 
eyes  which  must  have  been  functional  in  the  immediate  ancestor  of  the 
vertebrate,  seeing  how  perfect  one  of  them  still  is  in  Ammocoetes.  The 
vertebrate  ancestor,  tlien,  possessed  two  pairs  of  eyes,  one  pair  situated 
laterally,  the  other  median.  In  striking  confirmation  of  the  origin  of 
the  vertebrate  from  Palaaostracans  it  is  universally  admitted  that  all 
the  Eurypterids  and  such-like  forms  resembled  Limulus  in  the  posses- 
sion of  a  pair  of  median  eyes,  as  well  as  of  a  pair  of  lateral  eyes.  More- 
over, the  ancient  mailed  fishes,  the  Ostracodermata,  which  arc  th(^ 
earliest  fishes  known,  are  all  said  to  show  the  presence  of  a  pair  ol" 
median  eyes  as  well  as  of  a  pair  of  lateral  eyes.  This  evidence  directly 
suggests  that  the  structure  of  both  the  median  and  lateral  vertebrate 
eyes  ought  to  be  very  similar  to  that  of  the  median  and  lateral  arthropod 
eyes.  Such  is,  indeed,  found  to  be  the  case.  The  retina  of  the  simplest 
form  of  eye  is  formed  from  a  group  of  the  superficial  epidermal  cells, 
and  the  rods  or  rhabdites  are  formed  from  the  cuticular  covering  of 
these  cells;  the  optic  nerve  passes  from  these  cells  to  tlie  deeper-lying 
brain.  This  kind  of  retina  may  be  called  a  simple  retina,  and  char- 
acterizes the  eyes,  both  median  and  lateral,  of  the  scorpion  group.  In 
other  cases  a  portion  of  the  optic  ganglion  remains  at  the  surface,  when 
the  brain  sinks  inwards,  in  chisc  contiguity  to  the  epidermal  sense-cells 
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which  form  the  retina ;  a  tract  of  fibres  connects  this  optic  ganglion  with 
the  underlying  brain,  and  is  known  as  the  optic  nerve.     Such  a  retina 
may  be  called  a  compound  retina  and  characterizes  the  lateral  eyes  of 
both  crustaceans  and  vertebrates.     Also,  owing  to  the  method  of  forma- 
tion of  the  retina  by  invagination,  the  cuticular  surface  of  the  retinal 
sense-cells,  from  which  the  rods  are  formed,  may  be  directed  towards 
the  source  of  light  or  awaj^  from  it.     In  the  first  case  the  retina  may  be 
called  upright,  in  the  second  inverted.    Such  inverted  retinas  are  found 
in  the  vertebrate  lateral  eyes  and  in  the  lateral  eyes  of  the  arachnids, 
but  not  of  the  crustaceans.    The  evidence  shows  that  all  the  invertebrate 
median  eyes  possess  a  simple  upright  retina,  and  in  structure  are  re- 
markably like  the  right  median  or  pineal  eye  of  Ammocoetes ;  while  the 
lateral  eyes  possess,  as  in  the  crustaceans,  an  upright  compound  retina, 
or,  as  in  many  of  the  arachnids,  a  simple  inverted  retina.    The  lateral 
eyes  of  the  vertebrates  alone  possess  a  compound  inverted  retina.    This 
retina,  however,  is  extraordinarily  similar  in  its  structure  to  the  com- 
pound crustacean  retina,  and  these  similarities  are  more  accentuated 
in  the  retina  of  the  lateral  eye  of  Petromyzon  than  that  of  the  higher 
vertebrates.    The  evidence  afforded  liy  the  lateral  eye  of  the  vertebrate 
points  unmistakably  to  the  conclusion  that  the  ancestor  of  the  vertebrate 
possessed  both  crustacean  and  arachnid  characters — belonged,  there- 
fore, to  a  group  of  animals  which  gave  rise  to  both  the  crustacean  and 
arachnid  groups.     This  is  precisely  the  position  of  the  Palaeostracan 
group,  which  is  regarded  as  the  ancestor  of  both  the  crustaceans  and 
arachnids.    In  two  respects  the  retina  of  the  lateral  eyes  of  vertebrates 
differs  from  that  of  all  arthropods,  for  it  possesses  a  special  supporting 
structure,  the  IMiillerian  fibres,  which  do  not  exist  in  the  latter,  and  it  is 
developed  in  connection  with  a  tube,  the  optic  diverticulum,  which  is 
connected  on  each  side  with  the  main  tube  of  the  central  nervous  system. 
These  two  differences  are  in  reality  one  and  the  same,  for  the  Miillerian 
fibres  are  the  altered  lining  cells  of  the  optic  diverticulum,  and  this  tube 
has  the  same  significance  as  the  rest  of  the  tube  of  the  nervous  system ; 
it  is  something  which  has  nothing  to  do  with  the  nervous  portion  of  the 
retina  but  has  l)ecome  closely  amalgamated  with  it.     The  explanation 
is,  word  for  word,  the  same  as  for  the  tubular  nervous  system,  and 
shows  that  tlie  ancestor  of  the  vertebrate  possessed  two  anterior  diverti- 
cula of  its  alimentary  canal  which  were  in  close  relationship  to  the  optic 
ganglion  and  nerve  of  tlie  lateral  eye  on  each  side.     It  is  again  a  strik- 
ing coincidence  to  find  that  Artemia,  which  with  Branchipus  repre- 
sents a  gi'oup  of  living  crustaceans  most  nearly  allied  to  the  trilobites, 
does  possess  two  anterior  diverticula  of  the  gut  which  are  in  extra- 
ordinarily close  relationship  with  the  optic  ganglia  of  the  retina  of  the 
lateral  eyes  on  each  side.    The  evidence  of  the  optic  apparatus  of  the 
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vertebrate  points  most  remarkably  to  the  derivation  of  the  Vertebrata 
from  the  Palaeostraca. " 
Evolution  theory  of  color-sensation.  Ladd-Franklin  color  theory. 
lu  respect  to  most  of  the  characters  found  in  the  human  animal,  one 
has  only  the  lower  animals  in  which  to  study  the  course  of  their 
gradual  development,  but  in  considering  the  color-sense  one  has  the 
unique  advantage  of  being  able  to  perceive  its  successive  stages  spread 
out  upon  one's  own  retina.  It  has  been  found  that  anatomically  the 
structure  of  the  retina  is  of  a  high  foi-m  of  development  in  the  center, 
and  that  it  gradually  becomes  less  highly  developed  towards  the 
periphery;  of  the  retinal  visual  elements,  the  cones  alone  (which  have 
been  shown  by  Ramon  y  Cajal  to  be  more  highly  developed  rods)  are 
found  in  the  fovea,  and  they  occur  more  and  more  sparingly  farther 
out  until  there  are  practically  none  in  the  extreme  periphery.  Cor- 
responding with  this  fact  of  structure  is  the  fact  of  sensation  that  we 
got  full  tetrachromatic  color-vision  only  in  the  central  portion  of  the 
retina,  and  nothing  but  achromatic  vision  (that  in  which  all  objective 
light,  of  whatever  light-ray  constitution,  looks  white  in  quality)  in  the 
extreme  periphery.  This  fact,  together  with  the  circumstance  that 
the  retina  of  night  birds-of-prey  (who  have  no  occasion  for  color- 
vision)  is  very  deficient  in  cones,  led  Max  Schultze  to  form  the  hypoth- 
esis that  chromatic  vision  is  mediated  by  the  cones  only,  and  that  the 
rods  furnish  nothing  but  achromatic  vision.  This  view  was  further 
strengthened  when  it  was  advocated  independently  by  Parinaud,  upon 
reasons  based  on  the  facts  of  hemeralopia,  a  disease  which  consists  in 
the  non-functioning  of  the  mechanism  for  darkness  adaptation.  The 
disjunction  of  function  of  the  rods  and  cones — the  specific  rod-cone 
function  (Ladd-Franklin)  or  what  has  more  recently  been  called  by 
V.  Kries  the  duplicity  theory  was  rendered  indubitable  by  certain 
discoveries  made  in  Konig's  laboratory  in  Berlin  in  1892.  They  are: 
(1)  The  exact  coincidence  of  the  distribution  through  the  spectrum  of 
the  subjective  intensity  of  night-vision  in  the  normal  individual  (which 
coincides  with  that  of  night  and  day  vision  in  the  achromatic  defec- 
tives) with  the  objective  spectral  absorption  of  light  by  the  visual 
purple.  The  latter  process  appears  only — or  at  least  in  vastly  greater 
(quantity — after  adaptation  has  taken  place  (Kouig).  (2)  The  fol- 
lowing two  closely  connected  facts  (Ladd-Franklin,  Sitzher.  Akad. 
Wiss.  Berlin  21.  June  21,  1892,  p.  362)  ;  first,  the  normal  night- 
blindness  of  the  fovea,  viz.,  the  fact  that  that  form  of  substitute  vision 
which  the  normal  individual  acquires  after  twenty  minutes  in  a  dark 
room — night-vision,  as  it  may  be  called,  or  scotopia — he  does  not 
acquire  in  the  fovea ;  and,  second,  the  complete  blindness  in  the  fovea 
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of  tliose  individuals  who  have  tiie  typical  (non-cortical)  form  of  total 
chroma-blindness  ( achromatopia ) . 

Parenthetically,  it  may  here  be  said  that  in  the  opinion  of  the 
writer  the  ambiguous  word  color  should  be  used  to  include  the  color 
grey  (white),  and  that  for  color  proper  one  should  say  specific  color 
(Hess),  fo))rd  color  (Hering),  or  chroma  (Ladd-Franklin).  See,  also, 
Color  terminology.  It  would  be,  for  example,  absurd  to  suppose  that 
when  we  are  discussing  a  color-theory  we  are  discussing  a  theory  which 
accounts  for  the  chromatic  sensations  only  and  not  for  the  achromatic 
ones  as  well. 

A  remarkably  good  evaluation  of  these  (then  newly-discovered) 
facts  of  color-vision  is  given  by  Burdon-Sanderson  {Nature,  Sept.  14, 
1893,  p.  469). 

In  the  mid-periphery,  vision  i.s  dichromatic ;  the  colors  seen  are  blue 
and  yellowy  the  color  sensations  lacking  are  red  and  green.  The  limits 
of  these  color-fields  are  not  at  all  definite,  because  much  depends  upon 
the  size  and  brightness  of  the  colored  objects  used  for  testing.  The 
colors  prepared  by  Hegg,  or  Berne,  in  which  a  bkiish-green  and  a 
bluish-red  (the  zonally  stable  color-tones)  are  made,  by  reduction  of 
their  chromaticity,  .such  that  they  vanish  together,  should  always  be 
used  by  ophthalmologists  and  in  psychological  laboratories  for  in- 
vestigations of  this  subject.  In  this  mid-periphery  of  the  retina  no 
structural  difference  can  be  made  out ;  the  atavism  of  the  color-sense 
which  is  here  exhibited  is  evidently  due  to  a  non-development  in  the 
light-sensitive  chemical  substances  in  the  cones. 

In  human  vision  we  have,  besides  the  normal  color  defects  of  the 
non-central  retina,  many  cases  (congenital  and  acquired)  of  partial 
color-blindness;  these,  in  their  typical  forms,  consist  in  seeing  the 
w^iole  spectrum  as  yellow^  in  the  long-w^ave  end  and  blue  in  the  short- 
wave end,  with  an  intermediate  point  at  which  vision  is  achromatic. 
This  "neutral"  point  is  not  at  the  place  where  the  normal  individual 
gets  the  pure  green  color  (the  unitary  gi*een),  but  at  a  place  which 
to  him  is  blue-green.  Those  who  have  this  yellow  and  blue  vision  only 
are  of  two  distinct  types,  protamopic  and  deuteranopic)  according 
as  the  distribution  along  the  spectrum  of  their  undifferentiated  yellow- 
vision  coincides  with  the  normal  distribution  of  the  green  constituent 
or  of  the  red  constituent  (that  i.s,  according  as  the  first  or  the  second 
of  the  red  and  the  green  distributions  is  lacking).  The  blue-vision 
of  all  these  cases  coincides  with  that  of  normal  vision. 

Partial  color-blindness  is  comparatively  rare  in  women. 

Total  defect  in  the  chromatic  sensations  occurs  much  less  frequently ; 
the  distribution  along  the  .spectrum  of  the  achromatic  sensation  (which 
is  all  that  is  left  in  such  cases)  is  sometimes  the  same  as  the  intensity 
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distribution  of  normal  (tetrachromatic)  vision,  but  more  frequently 
it  coincides  with  that  of  normal  scotopia;  the  maximum  is  in  the 
yellow-green.  The  former  cases  are  doubtless  instances  of  cerebral 
defect  (the  fovea  is  not  blind  in  these  cases)  ;  the  latter  are  congenital, 
typical,  and  accompanied  by  total  foveal  blindness.  The  defect  is 
plainly  a  non-development  of  light-sensitive  substances  in  the  retina, 
the  cones  being  doubtless  wholly  out  of  function. 

This  remarkably  congruent  mass  of  evidence  in  regard  to  the 
development  of  the  chromatic  sensations  which  is  here  briefly  sum- 
marized, evidently  demands  a  color-theory  which  takes  it  into  account, 
and  which  explains  at  the  same  time,  by  one  and  the  same  conception, 
the  facts  of  complementation.  See  the  diagrams.  The  development 
color-theory  has  this  for  its  object,  and  also  the  avoidance  of  the 
inconsistencies  of  the  theories  of  Hering  and  of  Helmholtz.  It  assumes 
that  there  occurred,  first,  a  light-sensitive  chemical  substance  in  the 
(low-grade)  rods  which  responded  non-specifically  to  light  of  any 
sort  within  the  visible  spectrum.  The  simple  cleavage-product  of  this 
stage  of  development  forms  the  nerve-excitant  which  is  correlated 
with  the  sensation  of  white  (grey).  This  is  the  only  sensation  possible 
when  the  rods  alone  function,  i.  e.,  in  the  cases  of  (a)  normal  achro 
matic  vision  in  the  extreme  periphery,  and  of  achromatic  vision  in  (b) 
the  normal  eye  in  a  state  of  darkness  adaptation  and  with  low  objective 
intensities,  and  in  (c)  the  totally  chroma-blind  defectives.  Develop- 
ment of  the  color-sense  takes  place  in  the  form  of  the  acquiring  of 
greater  specificity  in  that  part  of  the  color-molecule  which  undergoes 
cleavage.  Instead  of  responding  alike  to  all  parts  of  the  visible 
spectrum,  part  of  it,  Sy,  is  synchronous  in  its  electronic  vibrations 
with  the  longer  waves,  and  part  of  it,  Sb^  with  the  shorter  waves; 
but  whenever  both  of  these  nerve-excitant  substances  are  torn  off 
at  the  same  time,  they  unite  chemically  to  constitute  the  former 
whiteness-excitation.  This  is  the  stage  of  development  of  the  normal 
mid-periphery,  and  of  the  two  types  of  yellow-blue  vision.  In  Stage 
III  the  complete  differentiation  of  the  light-sensitive  molecule  in  the 
way  of  greater  specificity  has  taken  place,  and  red  and  green  are  added 
as  specific  sensations.  But  the  nerve-excitant  substances,  p]g  and  Er, 
when  they  are  both  dissociated  out  together,  re-constitute  the  yellow 
nerve-excitant,  Ey.  Again  it  is  plain  that  yellow  and  blue  nerve- 
excitants  rc-unite  to  con.stitute  the  original  nerve-excitant,  Ew,  whose 
sensation  effect,  when  the  cortex  is  reached,  is  white  in  ((uality. 

Contrast  and  after-images  are  alike  readily  exi)lained,  on  this  theory, 
as  a  residual  phenomenon,  due  to  llic  completed  dissociation  of  a 
molecule  which  in  its  partially  dissociated  eotiditioii  is,  like  other  such 
sub.stances  (Cannon),  unstable. 
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A  different    (simpler)    representation   of   tlie   development   color-theory.     Both, 
of  course,  are  purely  diagrammatic,  and  intended  for  mnemonic  purposes  only. 
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The  Development  Theory  of  Color  (Ladd-Franklin).  Sn,  the  color-sensation 
receptors  (resonators,  side-chains,  light-sensitive  electrons,  or  whatever  the  cur- 
rent photo-chemical  theory  may  demand),  in  three  successive  stages  of  develop- 
ment. En,  the  several  specific  nerve-excitant  substances  for  the  five  specific 
light-sensations. 
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This  theory  has  been  adopted  iu  part  by  Seheuck  (Pfiuger's  Archiv., 
1907),  but  he  leaves  out  au  important  feature  of  it — the  explanation 
of  chroma-extinction  iu  the  case  of  the  formation  of  a  plain  yellow 
out  of  red  and  green,  and  also  of  white  out  of  yellow  and  blue. 
Scheuck  is  apparently  not  aware  of  the  psychological  fact  that  yellow 
and  wliite,  being  distinctive  unitary  sensations  (see  Colors,  Unitaxy, 
this  Encyclopedia)  and  not,  like  the  blue-gi*eens,  etc.,  color  blends,  are 
in  need  of  being  accounted  for.  This  theory  is  now  frequently  re- 
ferred to,  but  incorrectly,  as  the  Schenck-Franklin  theory  ( Greenwood, 
Kollner).  Schenck  adds  many  hypotheses  for  explaining  the  details 
of  color-blindness,  but  they  are  not  pertinent  to  tliis  discussion. 
(Christine  Ladd-Franklin.) 
Evulsion  of  the  optic  nerve.  Forcible  tearing  out,  or  "gouging,"  the 
eye  from  its  socket  may  be  accidental  or  deliberate.  In  the  latter  in- 
stance it  may  be  a  form  of  the  auto  mutilation  described  on  page  711, 
Vol.  I,  of  this  Encyclopedia.  To  the  remarks  made  there  may  be  added 
that  Stoewer  {Klin.  Monatsbl.  /.  Augenh.,  April,  1910,  p.  426)  observed 
two  cases  of  evulsion  of  the  optic  nerve  from  penetration  of  a  thin 
stick  into  the  orbit.  The  diagnosis  in  one  case  was  confirmed  by  enuclea- 
tion. The  other  was  recognized  by  the  ophthalmoscopic  appearances 
only.  He  observes  that  while  the  most  certain  clinical  diagnostic  mark  is 
the  discovery  of  a  hole  at  the  site  of  the  papilla,  this  typical  appearance 
may  be  concealed  by  a  hemorrhage,  which  latter  may  become  replaced 
by  cicatricial  tissue.  A  second  essential  symptom  is  interruption  of 
the  retinal  circulation,  but  this  is  only  marked  for  a  short  time  after 
the  injury,  when  it  may  not  be  recognizable  because  of  vitreous  opaci- 
ties. A  third  sign  is  complete  blindness  with  absence  of  the  direct 
pupillary  reflex. 

In  Birkhiiuser's  {Klin.  Moimtshl.  f.  Augenh.,  April,  1910,  p.  432) 
case  the  orbit  was  penetrated  by  a  cow's  horn;  the  interest  of  this  rare 
case  was  heightened  by  the  fact  that  the  fundus  could  be  clearly  ob- 
served continuously  from  the  day  of  the  accident.  The  ophthalmoscope 
showed  a  small  oval  nerve-head  with  the  long  axis  horizontal;  the 
inferior  margin  was  embraced  by  a  very  dark  semilune  which  took  the 
place  of  the  missing  portion  of  the  nerve.  The  marked  parallax  between 
the  edge  and  the  center  left  no  doubt  but  that  the  nerve  head  had  been 
torn  loose  in  the  lower  quadrant  of  the  sclerotic  canal.  The  retinal 
vessels  were  manifestly  lacerated  in  this  situation  as  they  could  not  be 
followed  to  the  periphery  of  the  papilla.  The  vision  was  reduced  to 
counting  fingers  at  a  met^^r.  Tiic  upper  half  of  the  visual  field  wa,s 
entirely  blind.  Six  weeks  after  the  injury  the  dark  semilune  had 
become  replaced  by  grayish-white,  new-formed  tissue,  and  no  parallactic 
movement  could  be  detected.    Dalen  {Ophthalmoscope,  Vol.  8,  p.  519. 


4564  EWETZKY,  TH.  VON 

1910)  reports  a  ease  of  evulsio  nervi  optiei,  by  which  term  he  under- 
stands tearing  of  the  optic  nerve  from  its  scleral  canal  with  preserva- 
tion of  the  ocular  tunics.  A  dark-gray  excavation  was  visible  in  the 
usual  position  of  the  optic  disk.  The  eye  was  enucleated  two  and  one- 
half  years  later  for  glaucouui ;  microscopically  the  fibers  of  the  nerve 
were  seen  to  be  torn  tlirough,  with  displacement  backward  in  the 
uninjured  dural  sheath.  The  cause  of  the  injury  was  a  blow  from  a 
stick,  which  probably  occasioned  extreme  compression  of  the  globe ; 
the  lamina  cribrosa  being  the  spot  of  least  resistance  gave  way  with  the 
above  result.  Mary  Buchanan  {Tr.  Sec.  Ophth.,  Col.  Phys.,  Philadel- 
phia, Nov.  18,  1910)  observed  a  case  in  which  an  insane  woman  gouged 
out  one  of  her  own  eyes.  The  muscles  and  optic  nerve  had  been  neatly 
severed  close  to  the  eyeball.  No  infection  followed.  In  Pichler's  {Kim. 
Monatshl.  f.  Augenli.,  Aug.,  1910,  p.  246)  case  of  an  eye  blinded  thirty- 
five  years  before  by  the  kick  of  a  horse,  the  appearances  indicated 
partial  evulsion  of  the  optic  nerve. 

A  remarkable  case  of  optic  evulsion  is  described  by  Natanson  {Klin. 
Monatshl.  f.  Augenhcilk.,  August,  1912).  A  boy,  aged  18,  in  falling, 
thrust  the  point  of  his  cane  into  his  left  eye.  The  pain  was  very  severe. 
The  lids  were  very  much  swollen.  After  a  few  days  he  noticed  that  he 
could  not  see  with  that  eye.  He  came  to  Natanson  two  weeks  later,  who 
found  subcutaneous  and  subconjunctival  ecchymoses,  a  recent  scar  at 
the  inferior  medial  angle  of  the  ocular  conjunctiva,  pupil  maximally 
dilated  and  immovable,  and  the  refracting  media  clear.  Skiascopy 
showed  myopic  astigmatism ;  normal  motility ;  no  exophthalmus  nor 
enophthalmus.  At  the  place  of  the  optic  disk  was  a  hole.  This  was 
recognized  by  the  difference  of  refraction  of  9  D. — a  depth  of  3  mm. 
The  bottom  of  the  hole,  in  which  the  vessels  were  lacking,  was  partly 
black,  partly  grayish-red,  showing  no  details;  its  margin,  apparently 
the  scleral  ring,  was  white,  forming  a  characteristic  myopic  conus  on  the 
temporal  side.  It  occasionally  threw  a  shadow  upon  the  bottom  of  the 
hole  which  varied  in  width  with  the  inclination  of  the  rays.  Next  to  the 
hole  there  was  an  oval,  yellowish-white  area,  wdthout  retinal  vessels 
(which  stopped  at  its  margin)  and  most  probably  devoid  of  retina. 
Its  periphery  was  covered  by  hemorrhages.  The  center  of  the  fundus  was 
milky-opaque.  All  these  symptoms  indicated  a  separation  of  the  optic 
nerve  at  the  lamina  cribrosa.  The  writer  thinks  that  the  point  of  the 
cane  penetrated  the  orbit,  and.  by  stretching  the  optic  nerve  backwards 
and  pushing  the  globe  forward,  tore  or  pushed  the  optic  nerve  through 
the  scleral  opening. 
Ewetzky,  Th.  von.  A  well-known  Eussian  ophthalmologist.  Born  in 
1851  of  a  noble  family,  he  entered  in  1870  the  Medico-Surgical  Academy 
at  Petrograd.    His  medical  degree,  however,  was  received  at  Heidel- 
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berg,  Germany.  lu  1892  he  became  assistant  at  the  eye  clinic  in  the 
University  of  Moscow.  In  1893  he  was  appointed  privatdocent  for 
ophthahnology  at  this  institution,  in  1895  professor  extraordinary,  and 
tive  years  later  was  called  to  the  full  professorship  of  his  specialty  at 
the  University  of  Dorpat.  In  September,  1908,  he  was  stricken  with 
apoplexy,  and  never  spoke  again.  He  made,  however,  a  partial  recovery, 
but,  failing  very  rapidl}^,  was  found  on  the  20th  of  April,  seated  in  his 
armchair,  dead. —  (T.  H.  S.) 

Exseresis.  (L.)  (Obs.)  One  of  the  general  divisions  of  surgery, 
according  to  the  ancients,  including  all  operations  by  which  parts  of 
the  body  were  removed ;  such  as  amputation,  excision,  ablation,  etc. 

Exag-geration,  Ocular.  The  pretense  that  a  certain  injury  or  disease 
which  does  actually  exist  (whether  the  cause  assigned  be  true  or 
false)  is  of  greater  extent  or  severity  than  is  really  the  case.  See 
Legal  relations  of  ophthalmology,  in  the  middle  third  of  the  article. 

Examen.     (F.j     Examination. 

Examination  of  the  eye.  The  keynote  to  the  proper  and  efficient  exami- 
nation of  the  eye  is  expressed  in  the  one  word  "method."  In 
order  to  become  a  keen-eyed  diagnostician  the  ophthalmic  surgeon 
must  adopt  certain  routine  steps  and  carry  them  out  in  every  case. 
While  many  times  he  will  seem  to  be  wasting  time  on  unnecessary 
tletails,  still  if  he  absolutely  continues  in  their  use  he  finds  after  a 
surprisingly  short  tiiiu^  that  many  of  the  acts  become  almost  mechani- 
cal and  are  done  practically  without  thinking.  Nearly  every  mistake 
in  diagnosis  we  see  made  by  a  really  competent  surgeon,  is  found  to 
usually  have  been  due  to  a  lapse  from  his  established  method  of  ex- 
amination; one  link  in  the  chain  of  procedure  being  omitted  and  this 
link  the  really  important  one  of  the  whole  chain.  Of  course,  there 
occur  conditions  where  the  diagnosis  is  so  entirely  obvious  that  a 
painstaking  examination  of  every  part  of  the  eye  would  be  a  mere 
waste  of  time ;  however,  it  is  best  to  run  over  the  whole  ground,  as 
far  as  possible,  in  the  great  majority  of  cases. 

Not  only  should  a  regular  routine  mctliod  of  observing  conditions 
be  carried  out,  but  in  addition  the  oculist  should  train  himself  to 
note  down  in  his  case-book,  or  on  liis  liistory  card,  these  conditions  as 
he  sees  them  or  hears  them  described.  0])servance  of  this  rule  will 
not  only  save  much  time,  if  the  patient  should  return,  ])ut  will  furnish 
data  of  value  to  the  profession,  and  also  may  at  some  time  pi-otcct  tlic 
surgeon  from  a  suit  for  alleged  malpi-actice.  These  records  should 
be  very  carefully  filed  and  catalogued  so  that  any  one  mny  lie  (piickly 
coiisnilcd.  Tile  cai'd  system  now  so  ]iopular  in  all  lines  of  busin(>ss 
has  sup|)lant<'(l  the  old,  ])ulky,  case-])Ook,  being  much  more  efficacious 
and  less  laborious.     The  cards  should  be  printed  with  labeled  spaces 
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for  writiug  in  the  iiiidiiigs.    The  following  outline  will  be  found  very 
complete : 

Name Residence Age 

Occupation Race Married,  Single, 

or  Widowed 

Family  history:  (Including  hereditary  tendencies;  general  and 
ocular  health  of  parents,  brothers  and  sisters.) 

Personal  history:  (Including  children,  their  general  and  ocular 
health;  miscarriages;  menopause;  former  illnesses;  syphilis;  gon- 
orrhea; injuries.) 

Personal  habits:  (Including  alcohol,  tobacco,  drugs  and  sexual  re- 
lations.) Date  and  mode  of  onset  and  supposed  cause  of  present 
trouble.     (Including  complete  history  of  eye  troubles.) 

General  examination  of  patient:  (Including  blood,  urine,  nose, 
Wassermann,  teeth,  etc.) 

External  examination  of  both  eyes : 

Examination  of  right  eye : 

Examination  of  left  eye  : 

Vision,  riglit  eye : 

Manifest  refraction  of  right  eye : 

Vision,  left  eye : 

Manifest  refraction  of  left  eye  : 

Ophthalmometer :    Right Left 

Muscle  balance:  (Including  findings  by  red  glass  test,  Maddox  rod, 
tangent,  phorometer,  etc.) 

Tension  :    Right Left 

Pupillary  reaction  :     Right Left 

Ophthalmoscopic  examination :     Right Left 

Fields  of  vision :    Right Left 

Color  sense :    Right Left 

Retinoscopy :    Right Left 

Refraction  under  cycloplegic :     Right Left 

Diagnosis : Prognosis : 

Treatment : 

Glasses   ordered :      Right Left 

In  addition  to  a  complete  written  account  of  the  case,  drawings,  no 
matter  how  crude,  should  be  made  illustrating  the  different  findings. 
To  facilitate  the  making  of  these  drawings,  outline  pictures  may  be 
printed  on  the  history  cards  and  filled  in  by  the  surgeon.  A  set  of 
rubber  stamps  are  now  made  (see  cuts)  which  print  these  several  out- 
lines, which  are  very  desirable  and  practical. 

The  examination  proper  is  divided  into  two  groups,  viz. — subjective 
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Rubber  Stamp  for  Recording  Findings  in  the  Interior  of  the  Eye  Ball. 


Rubber    Stump    for    Rct'ordin<f    Findings    in    the     Fumlus. 


Rubber  Stamps  for  Recording  Findings  in  tiie  l'>xtt'rnal   Examination  of  the  Eye. 
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and  objective.  The  suhjeetive  division  includes  the  history  of  the  ease 
and  all  those  procedures  which  require  the  patient's  cooperation  and 
aid.  The  objective  examination  includes  all  those  manipulations  which 
are  carried  on  by  the  observer  and  give  to  him  information  without 
answers  or  aid  of  any  kind  from  the  patient.  The  most  important 
part  of  the  subjective  examination  is  the  history  of  the  case,  and  it  is 
at  the  same  time  one  of  the  most  difficult,  in  many  instances,  to  suc- 
cessfully obtain.  It  consists  essentially  of  a  story  of  the  patient's 
ailment,  told  in  his  own  way,  the  examiner  only  guiding  and  asking 
such  questions  as  will  keep  the  story  to  the  front  and  the  facts  in  their 
proper  sequence.  The  ability  on  the  part  of  the  questioner  to  do  this 
accurately  and  expeditiously,  making  the  patient  bring  out  every  point 
clearly,  is  an  accomplishment  he  may  well  be  proud  of. 

The  workings  of  the  otherwise  clear  brain  of  an  intelligent  in- 
dividual undergoing  his  first  examination  by  a  physician  is  often  a 
strange  phenomenon.  His  insistence  on  talking  completely  around  a 
given  point,  condjined  with  his  inability'' to  answer  yes  or  no  to  a  clear- 
cut  question,  is  often  very  exasperating.  So  we  find  that  to  obtain  a 
successful  history  we  must  exercise  much  patience,  care,  and  fortitude. 

The  following  outline  of  questions  has  been  found  to  be  of  great 
service  in  preparing  a  history,  and  if  adhered  to  in  all  cases  will  serve 
as  a  great  time-saver,  as  well  as  giving  a  uniform  result : 

1.  Early  in  life — when  you  were  first  going  to  school  or  earlier — 
did  you  ever  have  any  trouble  whatever  with  your  eyes?  If  so,  in 
what  way  did  they  bother  you? 

2.  When  was  the  next  time,  or  times,  that  you  had  any  difficulty 
with,  or  defect  in,  your  eyes? 

3.  Have  you  been  in  the  habit  of  holding  your  book  or  newspaper 
nearer  your  eyes  than  people  generally  do? 

4.  During  the  past  six  months  or  so  have  your  eyes  bothered 
you  in  any  way?  Have  you  noticed  any  blurring  of  print  or  mixing 
of  letters  when  reading? 

5.  What  is  your  age  and  occupation? 

6.  How  long  can  you  read  a  newspaper  without  noticing  any  diffi- 
-culty  with  your  eyes?     If  difficulty,  what  is  it? 

7.  Have  you  any  headaches?  If  so,  in  what  part  of  the  head? 
How  often  do  they  come  on?  Do  you  have  these  headaches  only  in 
the  daytime,  or  do  they  sometimes  keep  you  awake  at  night  ?  Do  they 
affect  both  sides  of  the  head  at  one  time  or  are  they  generally  one- 
sided ?  Are  they  made  worse  by  the  use  of  the  eyes  for  reading,  writ- 
ing or  any  near  work? 

8.  Do  you  suffer  from  nausea  or  dizziness? 

9.  In  riding  on  a  street  car  or  railway  train  and  looking  out  the 
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window  at  passing  objects,  are  you  affected  in  any  way?    If  so,  how? 

10.  In  going  to  church,  theatre,  concert — anywhere  when  you 
have  to  see  distinct!}'  in  the  distance  for  any  length  of  time — does  it 
affect  your  eyes  in  any  way? 

11.  Do  you  ever  see  objects  double,  eitlier  for  distance  or  near? 

12.  Do  your  eyelids  smart  or  burn?  Is  there  a  feeling  of  dust  in 
the  eyes  ?  Has  anybody  noticed  that  your  eyes  get  blood  shot  or  red  ? 
Do  the  eyelids  stick  together  in  the  morning?  Is  there  any  discharge 
from  the  eyes  when  you  first  wake  up  ? 

13.  Are  your  eyes  sensitive  to  light ;  that  is,  does  gas,  electric  or 
sunlight  hurt  them  more  than  they  generally  aff'ect  other  people? 
Have  you  ever  pain  in  the  eyes,  or  do  they  become  tired  easily,  or  do 
they  ache?  Have  you  ever  worn,  or  do  you  now  wear,  glasses?  Let 
me  see  the  glasses  you  are  now  wearing.  (Make  a  note  in  the  place 
set  aside  for  them  the  formula:^  of  glass  or  glasses  worn  by  the  patient.) 

14.  Have  you  noticed  anything  further  wrong  with  your  eyes? 

15.  What  is  the  principal  thing  that  bothers  your  eyes  now? 

16.  AVhat  is  the  state  of  your  general  health  ?  Do  you  sleep  well 
at  night-time?  How  is  your  appetite  and  does  your  food  generally 
digest  well?     How  much  do  you  smoke  and  drink? 

Primarily  we  should  direct  attention  to  the  general  condition  of  the 
patient,  for  we  must  rememl)er  that  the  eye  is  not  a  separate  and  dis- 
tinct organ  with  no  relation  to  the  rest  of  the  body.  It  is  only  one  of 
the  many  complex  organs  which,  while  possessing  their  own  distinctive 
functions,  must  all  act  in  harmony  to  result  in  the  perfect  well-being 
of  the  individual. 

A  rapid  general  inspection  will  therefore  often  furnish  one  with  a 
clue  to  an  ocular  affliction,  the  cause  or  origin  of  which  might  have 
otherwise  escaped  notice. 

The  contour  of  the  cranium,  for  example,  is  often  found  to  liear  a 
direct  relation  to  the  conformation  of  the  eye,  and  as  the  form  of  the 
eye  largely  inflnences  its  state  of  refraction,  we  may,  hy  tliis  observa- 
tion, quickly  deduct  certain  things.  A  flat  oi"  "dish"  face  is  nearly 
always  an  indication  of  iiyjx'ropia,  particularly  if  the  flatness  affects 
the  region  of  the  zygomatic  arches.  ]\lyopia  is  often  indicated  by  an 
elongated  antero-posterior  <liamet(M"  of  the  skull,  associatrd  with  a 
thin  face  and  bulging  eyes. 

Anisometropia,  a  condition  in  which  one  eye  is  myo])ic  and  Ihc  other 
liypcfopic.  is  iiciirly  always  accompanied  l)y  a  lack  of  syniiiict  I'V  in  the 
face. 

As.vmnKitry  of  the  cranium  I'oniis  a  dii-ect  relationship  to  ast  igmatism 
and  is  ol)served  in  neai'ly  all  mai-ked  cases. 

The  shape  of  tlie  nose  is  important,  foi-  a  sinking  of  the  root  of  that 
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member,  whether  congenital  or  due  to  injury  or  syphilis,  is  a  great 
predisposing  factor  in  the  causation  of  catarrh  of  the  lachrymal 
passages. 

Eruptions  on  the  skin  should  always  be  observed  and  are  of  great 
significance.  Eczema,  pityriasis,  herpes  zoster  and  other  skin  diseases 
may  alfect  the  lids  as  well  as  other  parts  of  the  body.  Syphilitic  erup- 
tions, if  observed  at  the  same  time  we  diagnose  a  case  of  iritis,  satis- 
fies us  immediately  that  the  disease  is  a  specific  one  and  we  begin  appro- 
priate general  treatment.  The  hue  of  the  skin  may  give  important 
hints  as  to  the  condition  of  the  blood. 

John  Dunn  {Archives  of  Ophthal.  37,  p.  687)  has  shown  the  im- 
portance of  the  sphygmomanometer  in  the  examination  of  ocular 
disease.  He  cites  five  cases  of  glaucoma  in  which  the  value  of  the  pulse 
tension  as  a  therapeutic  indication  is  shown,  and  adds  that  in  every 
case  of  essential  glaucoma,  except  hereditary  ones  occurring  in  early 
youth,  the  pulse  tension  is  above  normal,  and  in  the  severer  cases,  both 
acute  and  chronic,  much  above  normal.  He  finds  that  in  simple  chronic 
glaucoma  the  chances  of  preserving  the  vision  by  an  iridectomy  vary 
with  the  pulse  tension ;  the  nearer  normal  the  tension,  the  better  the 
prognosis  with  iridectomy.  He  also  finds  that  the  higher  the  pulse 
tension  the  more  likely,  as  a  rule,  is  the  use  of  mydriatics  to  be  fol- 
lowed by  glaucomatous  symptoms,  and  that  the  pulse  tension  may 
decide  for  or  against  the  use  of  a  mydriatic. 

In  the  treatment  of  corneal  ulcers  a  record  of  the  pulse  tension,  by 
pointing  out  the  existence  of  other  abnormal  conditions  than  those 
in  the  cornea,  may  suggest  an  underlying  cause  and  thus  influence 
treatment.  In  immature  cataract  he  gives  serious  consideration  to  the 
pulse  tension,  before  operating,  stating  that,  as  a  rule,  the  higher  the 
blood  pressure  the  greater  the  chances;  that  there  exist  within  the 
intra-ocular  vascular  system  of  old  people  degenerative  changes  which 
may  interfere  with  the  absorption  of  particles  of  lenticular  cortex  left 
behind. 

In  iritis  with  high  blood  pressure  pain  is  relieved  by  local  bleeding ; 
with  low  blood  pressure  bleeding  does  not  give  such  relief. 

Dunn  finally  refers  to  the  value  of  blood  pressure  in  intercepting 
lesions  of  the  retina  and  optic  nerve  and  to  its  practical  value  in 
certain  eases  of  eyeache  and  headache. 

It  is  now  being  more  generally  realized  that  certain  eye  diseases  are 
caused  hy  toxemia,  from  the  alimentary  tract  and  from  the  genito- 
urinary system,  as  well  as  from  tlie  suppurative  conditions  in  other 
parts  of  the  body,  and  S.  II.  Browning  (Ophthalmic  Review,  1913) 
enters  a  plea  for  the  more  general  routine  examination  of  the  feces 
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and  urine;  at  least  in  those  eye  conditions  in  which  the  cause  is  not 
immediately  obvious. 

He  points  out  that  pyorrhea  alveolaris,  or  Rigg's  disease,  has  at 
last  been  given  the  attention  that  it  needs,  but  even  the  cure  of  the 
pyorrhea  does  not  clear  up  the  general  infection  of  the  alimentary 
tract  that  results  from  many  years  of  pus  swallowing,  and  patients 
with  comparatively  clean  mouths  come  to  be  treated  for  chronic  irido- 
cyclitis with  no  obvious  cause,  though  an  examination  of  the  feces 
would  have  revealed  the  fact  that  they  were  abnormal  and  that  the 
patient  was  suffering  from  a  streptococcal,  pneumococcal  or  other 
bacterial  infection  of  the  bowel. 

Apart  from  infection  from  swallowed  pus,  the  patient  may  have  a 
colitis  causing  irido-cyclitis,  both  of  which  can  be  cured  by  vaccine  and 
other  treatment.  There  are,  however,  more  cases  from  whom  no  history 
of  colitis  can  be  obtained  though  the  patient  is  probably  constipated 
and  it  is  in  these  patients  that  one  is  likely  to  miss  the  real  cause  of  the 
disease.  Browning  now  examines  the  feces  and  urine  of  all  patients 
sent  to  him  who  are  suffering  from  chronic  irido-cyclitis  of  obscure 
origin,  as  well  as  other  forms  of  inflammatory  eye  conditions. 

He  has  given  the  routine  of  the  examination  of  the  feces.  If  it  is 
decided  that  the  patient  is  suffering  from  an  infection,  a  vaccine  is 
prepared  and  used  and  general  intestinal  toilet  looked  after.  In  some 
of  these  cases  the  result  of  giving  vaccine  treatment  has  been  striking, 
while  in  others  it  has  been  disappointing,  but  the  results  are  sufficiently 
good  to  make  it  advisable  to  examine  the  feces  in  all  difficult  cases.  A 
thorough  examination  of  the  urine  is  made  at  the  same  time  the  routine 
chemical  tests  are  made,  and  then  one  loopful  of  the  fresh  urine  is 
planted  on  to  agar  and  human  blood  agar.  A  portion  of  the  urine  is 
then  centrifuged  and  some  of  the  deposit  plated  out  and  some  is 
examined  in  the  fresh  state  under  the  microscope.  It  is  natui'ally 
much  easier  to  detect  the  presence  of  bacterial  infection  in  the  urine 
than  in  the  feces,  and  the  results  of  the  treatment  by  autogenous  vac- 
cines have  been  successful  in  several  cases. 

Of  course,  it  does  not  follow  that  because  the  patient  has  a  colitis  or 
cystitis  that  the  eye  condition  is  being  caused  by  either  of  these  con- 
ditions, tho^igh  in  the  author's  experience  it  is  of  sufficiently  frequent 
occurrence  to  justify  tlic  tron])le  expended  in  examining  tlie  feces  and 
urine;  and  anyhow  the  })a1icnt  must  be  benefited  by  removing  a 
pathogenic  condition.  At  present  irido-cyclitis  seems  to  be  tlie  most 
common  eye  disease  caused  by  infection  of  the  alimentary  tract,  though 
kcfatilis,  retinitis  and  )-c1  ino-choroiditis  have  been  met  with.  Tlie 
proof  that  tlie  eye  condition  is  caused  by  the  intestinal  or  urinary 
inft.'ction  is  the  cure  of  the  eye  disease  at  the  same  time  as  the  more 
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general  condition.     This  can  be  most  readily  brought  about  by  the  use 
of  a  suitable  autogenous  vaccine. 

Vaccine  treatment  is  of  great  help  in  alleviating  the  immediate  acute 
symptoms  of  gonorrheal  iritis,  but  of  itself  it  will  rarely  effect  a  per- 
manent cure.  The  prostate  is  ofteu  infected  with  gonococci  in  these 
eases  and  the  urine  passed  after  prostatic  massage  will  often  show  the 
gonoeoecus  in  the  threads,  though  attempts  at  cultivation  very  often 
fail.  An  examination  of  the  prostate  ought  to  accompany  all  efforts 
in  the  treatment  of  obstinate  recurring  gonorrheal  iritis. 

The  practical  value  of  the  Wassermann  reaction  has  been  presented 
by  M.  Mouradian  (Amiales  d'Oculistique,  Vol.  CXLVII,  Jan.,  1912), 
in  which  he  briefly  reviews  the  work  of  many  observers  and  presents  a 
useful  table  of  conditions  in  which  positive  reactions  have  been  ob- 
tained. This  table  includes  the  cases  from  several  authors,  and  if  one 
adds  to  these  figures  the  cases  where  details  are  not  given  one  gets  a 
total  of  1,845  examinations,  with  574  positive  reactions,  i.e.,  42.6  per 
cent.  These  results  have  been  obtained  b}^  the  method  of  Wassermann 
properly  so-called. 

No.  Positive.      Percentage. 

Iritis 238  64  26.8 

Parenchymatous  keratitis    311  269  86.4 

Choroiditis    129  24  18.6 

Optic  atrophy 25  10  40.0 

Optic  neuritis  95  18  18.9 

Ocular  paralyses 86  33  38.3 

Scleritis 12  4  33.3 

Tabes  32  24  75.0 

Hemianopsia 10  6  60.0 

Retinitis  9  2  10.5 

Eetinitis  pigmentosa 5  5  100 

969  459  47.3 

He  then  gives  the  results  of  the  examination  of  245  cases  of  his  own 
from  the  Eye  Clinic  at  the  Lariboisiere  Hospital,  Paris.  These  ex- 
aminations were  done  at  the  Pasteur  Institute  under  Levaditi  and 
Lotapie,  and  to  ensure  greater  accuracy  the  observers  were  not  in- 
formed of  the  clinical  points  in  the  cases.  Wassermann 's  original 
technique  was  used,  but  Noguchi's  and  Hecht's  modifications  have 
yielded  in  other  hands  similar  results  except  that  Hecht's  method 
gives  a  greater  percentage  of  positive  reactions. 

Sixty-four  cases  of  iritis  and  iridocyclitis  gave  twenty-five  positive 
and  thirty-nine  negative  reactions,  i.e.,  39  per  cent,  positive.  Forty 
cases  of  oculomotor  paralyses  gave  50  per  cent,   positive  reactions. 


EXAMINATION  OF  THE  EYE  4573 

Thirty-three  cases  of  parenchymatous  keratitis  gave  twenty-two  posi- 
tive and  eleven  negative  reactions,  i.e.,  66  per  cent,  positive.  Twenty- 
five  choroido-retinitis  cases  gave  seven  positive,  i.e.,  24  per  cent. 
Eight  myopic  choroiditis  cases  gave  one  positive.  Six  scleritis  gave 
two  positive.  Five  cases  of  hemorrhagic  retinitis  were  all  negative. 
Of  five  zona  ophthalmic  cases,  two  positive.  Four  optic  atrophy  cases, 
of  which  one  was  positive.  Four  retinal  detachments,  one  was  positive. 
Thirty-eight  sundry  cases  gave  eight  positive  and  eight  negative. 

Mouradian  points  out  that  the  results  are  not  very  helpful  unless 
taken  along  with  the  clinical  conclusions,  so  he  gives  a  very  useful 
table  of  the  results  in  three  classes  of  cases,  syphilis  "certain,"  prob- 
able, and  doubtful,  this  last  l)eing  where  there  was  no  evidence  about 
the  patient  to  suggest  lues,  other  than  the  ocular  condition.  This 
table  is  given  below,  with  the  percentages  of  positive  reactions  added. 

Certain  Probable  Doubtful 

Posi-    Per  Posi-    Per  Posi-    Per 

Diseases.                          No.  five.  Cent.  No.  tive.  Cent.  No.  tive.  Cent. 

Iritis  18  12     66  10       4     40  36       9  25 

Ocular  paralyses  ....     8       6     75  10       6     60  22       8  36.3 

Interstitial  keratitis.  .    13  11     84.6  13       7     53.8  7       4  57.1 

Choroido-retinitis   ....      2       1     —  7       1     —  16       5  — 

Optic  neuritis    2       1—  2  —    —  9       2  — 

Sundry  affections   ...      8       5     —  9       5     —  53       5  — 

Total 51     36     —         51     23     —        143     33     — 

In  lues  "certain"  70.5  per  cent,  give  positive  reaction. 

In  lues  probable  45  per  cent. 

In  lues  doubtful  23  per  cent. 

Regarding  the  diagnostic  value  of  the  reaction,  Leber,  Cohen,  Gutt- 
mann  and  Igersheimer  consider  a  positive  reaction  as  certain  proof  of 
syphilis,  while  Schumacher  and  Ilessberg  even  ^o  lurther  and  con- 
sider a  negative  reaction  as  presumptive  of  no  sypliilis.  The  author 
considers  the  positive  reaction  as  a  strong  pi-esumption  of  lues,  l)ut,  he 
says,  it  does  not  gixr  the  ahsolntc  cci-taiiity  tliat  llic  finding  of  the 
trepoiKMiia   itself  docs. 

The  fact  tliat  the  reaction  may  l)e  positive  in  otliei-  diseases  th)es 
not  troiitile  nincli,  as  tliese  conditions — leprosy  and  t lypanosomiasis 
— are  rare. 

The  positive  i-eaction  proxcs  the  |)resence  of  syphilitic  antil)odies 
but  does  not  prove  tliat  the  lesion  in  <|nestion  is  due  to  the  lues.  l''ri'ofs 
in  the  rather  coni])lex  tec|inii|iie  may   upset  the  results. 

The  negative  phase,  lio\\('\ci\  has  no  significance,  and  the  fact,  has 
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to  he  iiotctl  tliat  in  'SO  per  cent,  oi"  "certain"  lues  cases  the  reaction 
is  negative.  This  nnist  not  be  tal^en  as  proof  that  the  case  is  not  a 
luetic  one.  In  doubtful  cases  a  positive  reaction  gives  a  strong  pre- 
sumption   in    favor   of   syphilis. 

Table  of  percentage  of  positive  reactions  in  previously  published 
cases  added  to  the  laillior's  cases: — 

Percentage  of 
Positive 
Cases.        Positive.  Reaction. 

Iritis  and  irido-cyclitis 802  89  29.4 

Interstitial  keratitis  344  291  84.5 

Ocular  paralyses 126  53  42.1 

Choroiditis  retinitis 187  34  18.0 

Optic  neuritis 108  21  19.0 

Optic  atrophy 29  11  37.9 

Ocular  tabes 34  26  76.4 

Seleritis,  etc 18  6  33.3 

Tabes  gives  a  high  percentage,  76.4,  and  interstitial  keratitis  gives 
84.5  per  cent. 

In  irido-cyclitis,  choroido-retinitis  and  optic  atrophy  and  neuritis 
the  number  of  positive  reactions  is  small,  but,  Mouradian  says,  this 
does  not  disprove  the  luetic  origin,  but  merely  confirms  the  previous 
finding  that  the  reaction  is  negative  in  30  per  cent,  of  ' '  certain ' '  cases. 
The  examination  of  the  mouth  and  the  influence  oral  sepsis  may  exert 
on  eye  disease  is  discussed  by  William  Lang  {The  Lancet,  May  17, 
1913). 

He  states  that  his  attention  was  first  drawn  to  the  subject  of  oral 
sepsis  as  a  factor  in  the  causation  of  eye  diseases  by  an  original  observa- 
tion made  by  a  colleague,  Mr.  William  Hern,  who  reported  he  had 
found  p.yorrhea  in  every  case  of  acne  rosacea,  and  noticed  that  the 
eruption  improved  or  disappeared  after  the  mouth  was  treated.  At 
that  time  a  patient  with  acne  rosacea  was  under  care  for  attacks  of 
keratitis,  which  had  recurred  at  intervals  in  spite  of  local  and  gen- 
eral medication,  but  after  treating  the  pyorrhea  the  keratitis  ceased 
to  return. 

From  this  time  onwartls  he  examined  the  gums  in  all  the  cases  of 
inflammatory  affections  where  the  ordinarily  accepted  causes  of  the 
disease  were  absent,  and  thus  gradually  came  to  recognize  that 
pyorrhea  caused  inflammation  in  every  part  of  the  eye. 

In  hospital  })ractice,  where  clean  mouths  are  the  exception,  one  sees 
every  day  many  cases  of  inflammation  of  the  eye  due  to  oral  sepsis. 
In  order  to  find  out  what  proportion  of  the  cases  of  inflammation  of  the 
eyeball  occurring  in  private  practice  were  due  to  sepsis,  I;ang  had  a 
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tq,ble  made  from  the  notes  of  10,000  patients.  In  it  is  included  every 
case  of  inflammation,  with  the  exception  of  those  limited  to  the  con- 
junctiva, where  a  cause  for  the  disease  had  been  found.  The  results 
shown  in  these  tables  were  unexpected,  especially  as  the  cases  due  to 
sepsis  must  have  been  underestimated  in  the  earlier  years,  because  no 
search  was  made  in  many  of  the  parts  of  the  body  which  now  he  would 
investigate.  For  example,  in  the  absence  of  bladder  symptoms  the 
urine,  when  it  appeared  to  be  normal  to  the  eye  and  to  the  smell,  was 
not  examined  for  micro-organisms,  though  it  might  have  contained 
many  thousands  to  the  cubic  centimetre  and  have  been  the  cause  of 
tlie  eye  affection.  Owing  to  this  increase  of  knowledge  the  number 
of  cases  in  which  the  source  remained  undiscovered  has  decreased  until 
it  is  now  half  what  it  was  at  first,  and  forms  1.2  per  cent,  of  his  later 
patients. 

Table  I.     The  source  and  number  of  the  cases  (215)  attributed  to 
sepsis. 

Lachrymal  sac    1      Large  gut  infection,  including 

Antrum  of  Highmore 1  colitis  and  the  like. 33 

Nasal  inflammation   2      Kidney  and  bladder 4 

Inflamed  tonsils   3      Male  urethra   20 

Pyorrhea   139      Uterus  and  appendages 3 

' '  Indigestion "    2      Skin  diseases   4 

Appendicitis    3 

Table  II.     Tlip  nuiiilu'r  of  times  that  the  different  parts  of  the  eye 
were  infected  in  the  215  septic  cases  of  Table  I. 

Sclerotic    20     Retina  28 

Cornea   12      Detached  retina 3 

Iris    87      Optic  neuritis  or  atrophy ....  4 

Ciliary  body   79      Lens  (secondary  cataract) ...  14 

Choroid    68 

Table  III.     Tlie  causes  to  which  the  other  cases  (168)   were  attri- 
buted and  their  numbers. 

Syphilis,  congenital 40      Gout 23 

Syphilis,  acquired  35      Diabetes    12 

Tubercle    27      Following  acute  fevers 7 

Albuminuria   24 

Table  IV.     The  frequency  with  which  the  different  parts  of  tlie  eye 
were  affected  by  the  diseases  in  Table  II. 

Sclerotic   24      Choroid    35 

Cornea  47      Retina   36 

Iris    25      Optic  neuritis  or  atrophy. .  .    12 

Ciliary  body  4      Lens  (secondary  cataract) ...     1 
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On  eoinpiiriii^-  the  miniber  of  cases  in  Tables  1  and  111  the  iui- 
portanee  of  sepsis  in  the  causation  of  eye  diseases  is  obvious,  since  215 
are  attributed  to  it  nlono  and  only  168  to  all  the  other  recognized 
causes. 

Of  the  215  toxic  cases  180,  if  the  'A  tonsil  cases  are  included,  are  due 
to  alimentary  toxemia,  and  139  are  credited  to  pyorrhea  alone ;  hence 
the  importance  of  oral  hygiene.  Cases  due  to  gonococcus  have  been 
included  in  this  table,  because  when  these  patients  come  to  the  oph- 
thalmic surgeon  they  are  suffering  from  iritis  and  cyclitis,  due  gen- 
erally to  an  infection  of  the  prostate,  the  remains  of  an  uncured 
urethritis,  which  must  be  dealt  with  by  massage  and  vaccines  if  a 
permanent  cure  is  to  be  effected. 

Tables  II  and  IV  record  the  number  of  different  parts  affected;  in 
many  patients  the  disease  attacked  more  than  one  part.  In  the  septic 
group.  Table  II.  it  will  be  noticed  that  the  uveal  tract  is  the  part  chiefly 
involved,  hence  the  greater  number  of  secondary  cataracts ;  whereas  in 
Table  IV  the  sclerotic  and  cornea,  the  retina  and  optic  nerve  are  more 
frequently  affected. 

Though  it  would  appear  to  he  obvious  after  seeing  these  tables  that 
sepsis  from  pyorrhea  is  an  important  agent  in  causing  inflammation 
of  the  eye,  nevertheless  the  general  application  of  this  view  is  not  yet 
universally  accepted.  It  seems  incomprehensible  that  a  surgeon,  whose 
single  aim  is  to  avoid  sepsis  in  his  operations,  can  think  it  a  matter 
of  no  importance  tliat  a  person  should  have  a  chronic  source  of  sepsis 
in  any  part  of  his  body. 

The  usual  olgection  made  is  that  one  sees  very  bad  cases  of  pyorrhea 
in  people  who  say  that  they  are  enjoying  the  best  of  health  and  who 
do  not  complain.  These  objectors  seem  to  forget  that  Nature  begins 
to  raise  a  })rotecting  barrier  the  very  moment  that  the  tissues  are 
irritated  by  liacterial  toxins,  or  are  invaded  by  the  bacteria  themselves. 
If  the  invasion  is  slow  enough,  as  is  the  case  in  pyorrhea,  the  barrier 
is  efficient  and  the  individual  does  not  appear  to  suffer.  Whereas  when 
the  micro-organisms  are  introduced  direct  into  the  circulation  there  is 
no  time  for  an  efficient  barrier  to  be  raised.  As  long  as  the  patient 
is  in  fair  health  the  barrier  is  capable  of  doing  its  work. 

Until  the  medical  profession  at  large  recognize  the  importance  of 
pyorrhea  and  the  gravity  of  leaving  it  untreated,  one  cannot  reasonably 
expect  the  dental  profession  to  do  so  either,  especially  as  they  are  being 
taught  to  treat  the  mouth  in  a  way  that  makes  it  impossible  to  avoid 
creating  sepsis  by  putting  on  crowns  and  building  bars  and  bridges 
that  cannot  be  kept  clean.    Until  this  policy  is  reversed  and  everything 


EXAMINATION  OF  THE  EYE  4577 

is  done  to  enable  the  mouth  to  be  kept  aseptic,  the  loss  of  sight,  and 
even  total  blindness  due  to  pyorrhea,  will  continue  to  occur. 

The  importance  of  a  thorough  examination  of  all  neighboring  nasal 
sinuses  has  been  dwelt  on  much  of  late.  There  can  be  no  doubt  as  to 
the  great  value  of  this  procedure,  and  if  there  is  the  slightest  indica- 
tion of  any  nasal  difficulty,  this  organ  with  its  accessory  cavities  should 
be  carefully  gone  over.  Also  in  any  eye  trouble  where  the  diagnosis 
may  be  in  doubt  the  possibility  of  nasal  complications  should  be 
thoroughly  considered.  See  Cavities,  Neig-hboring-,  Ocular  relations 
of,  in  Vol.  Ill,  page  1810,  of  this  Encyclopedia. 

A  new  biologic  test  for  cancer  has  been  presented  to  the  medical 
profession  by  Emil  Abderhalden,  of  Halle,  which,  while  it  may  not 
be  of  great  value  to  the  ophthalmologist,  is  of  sufficient  importance 
to  receive  a  description  here. 

Time  alone  can  thoroughly  prove  the  accuracy  of  his  test,  and  only 
as  impartial  reports  of  large  numbers  of  cases  examined  are  offered 
by  reliable  workers.  It  is  readily  apparent  by  a  casual  review  of  the 
literature  pertaining  to  the  test  that  the  differences  in  the  results 
obtained  are  due  to  some  variation  as  to  technic,  selection  of  tissues 
used  as  fundaments,  unless  the  test  is  unreliable.  Frankel  states  that 
the  Abderhalden  reaction  was  not  reliable  in  the  cancer  cases  examined 
at  the  research  institute  at  Heidelberg,  while  Frank  and  Heiraann, 
I\larcus,  Epstein,  Erpieum  abroad,  and  Lowry  in  this  country  report 
more  favorable  results. 

Apparent  errors  in  the  specificity  of  the  test  do  not  appear  to  be 
evidenced  by  malignant  conditions  failing  to  give  a  reaction,  as  much 
as  the  finding  of  a  positive  reaction  in  individuals  almost  certainly  not 
malignant. 

The  differences  of  opinion  that  arise  relative  to  the  findings  in  the 
suspiciously  malignant  cases  develop  the  practical  application  of  the 
test.  The  finding  of  a  positive  reaction  in  a  known  malignant  condi- 
tion is  gratifying  but  of  little  practical  value  to  the  sufferer.  The 
weight  of  responsibility  resting  on  a  positive  or  negative  finding  in 
suspiciously  malignant  individuals  is  tremendous.  Until  further  work 
perfects  the  technic,  a  clean-cut,  negative  reaction  carries  much  more 
weight  than  a  positive  one,  because  of  the  many  possibilities  contribut- 
ing to  an  erroneous  positive  finding. 

Dr.  C".  F.  liall  has  done  much  work  with  the  Abderhalden  test  and 
1lic  lollowing  is  a  description  of  the  technic  in  his  own  words: 

■'(July  distilled  water,  distilled  at  the  time  of  making  the  test,  was 
used,  except  in  a  very  few  instances  in  the  very  first  of  my  work.  All 
glassware  is  carefully  washed,  (Ir-aincil.  and   i-inscd   witli  alcohol,   fol- 
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lowed  by  other:  it  is  then  sterilized  by  dry  heat.  The  entire  work  has 
been  done  in  a  room  never  used  lor  bacterio-pathologie  work.  All 
ai:)paratiis  is  reserved  exelusively  for  this  work.  1  have  used  a  few  of 
the  579  Sehleieher  and  Sehiill  thimbles,  but  practii-ally  all  of  my 
work  was  done  using  the  579A  thimbles,  selected  as  follows : 

"The  thimbles  were  tirst  well  soaked  in  eold  water,  then  boiled  for 
live  minutes.  AVheu  eool,  they  were  plaeed  on  the  inner  end  of  the 
funnel-form  stopper  of  my  dialyzing  chamber.  Tliis  was  done  at  first 
with  bare,  well-washed  hands,  but  now  I  use  rubber  gloves  entirely  and 
handle  the  thimbles  as  little  as  possible,  rinsing  with  sterile,  distilled 
water  before  replacing  in  my  dialyzing  outfit,  previously  filled  with 
15  or  20  e.e.  of  distilled  water.  Cotton  plugs  were  placed  and  then 
the  entire  outtit  was  sterilized  by  steam  heat.  No  part  of  the  remain- 
ing technic  allows  of  the  possibility  of  contamination  of  the  outer  wall, 
or  surrounding  sterile  distilled  water.  Chloroform  and  toluene  were 
added  through  the  side  tube  provided  for  this  purpose.  Sufficient 
toluene  was  used  to  overlie  the  surface  thoroughly.  The  apparatus 
was  then  ready  to  receive  the  materials  intended  for  dialysis.  New 
thimbles  were  tilled  with  5  c.c.  of  a  1  per  cent,  silk  peptone  (Hoechst) 
solution,  covered  with  10  drops  of  toluene,  placed  in  an  electrical 
incubator  for  from  fourteen  to  sixteen  hours.  After  removal  from 
the  incubator,  5  c.c.  of  the  dilfusate  were  tested  with  0.2  c.c.  of  a  1 
per  cent,  ninhydrin  solution.  Only  those  thimbles  giving  a  correspond- 
ing faint  shade  of  blue  color  were  reserved  for  further  examination. 

■'The  reserved  thimbles  were  then  run,  first  with  5  c.c.  of  a  10  per 
cent,  solution  of  egg  albumin,  and  if  any  were  found  to  give  the 
ninhydrin  reaction  they  were  immediately  discarded.  By  selcting  only 
such  thimbles  as  give  a  faint  blue  ninhydrin  reaction  in  the  first  test, 
seldom  one  is  found  that  is  permeable  to  the  albumins.  New  thimbles 
are  never  used  in  an  actual  test  until  they  have  been  run  at  least  twice 
Avitli  human  serum  and  test  negative,  5  c.c.  of  ditfusate  to  0.2  c.c.  of  a 
1  per  cent,  solution  of  ninliydrin;  examination  is  run  in  duplicate 
with  a  previously  tested  and  satisfactory  set  of  thimbles  and  the  new" 
thimbles  judged  accordingly. 

' '  I  have  always  selected  thimbles  in  groups  of  four,  notching  the  top 
with  one  to  four  notches,  and  punching  in  the  side  just  below  the 
notches  one  or  more  holes ;  in  any  set  of  four,  each  has  the  same  hole- 
punch  as  one  0  to  four  0 ;  or  one  000  to  four  000.  Each  set  of  thimbles 
is  placed  in  a  wide-mouthed  container,  of  120  c.c.  capacity.  The  bottle 
was  then  filled  with  distilled  water  and  the  whole  placed  in  a  steam 
sterilizer  for  one-half  hour.  After  removal  and  cooling,  1  c.c.  of 
chloroform  was  added,  and  the  surface  of  the  chloroform-water  was 
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well  covered  with  toluene.  The  cork  stoijper  was  put  in  place  and 
the  thimbles  then  set  away  in  the  ice-box,  kept  at  a  temperature  of 
about  8  C.  (46.4  F.j.  Control  experiments  demonstrate  that  only  the 
thimbles  barely  permeable  to  the  silk  peptone  solution  are  suitable  for 
the  cancer-test  as  cancer-tissue  is  quite  readily  broken  down  by  the 
"protective  ferment"  in  the  dialyzing  thimble. 

"Preparation  of  tissue,  selected  as  previously  suggested,  must  be 
complete  in  the  removal  of  all  traces  of  blood  and  the  saving  of  only 
that  portion  of  the  cancerous  material  that  contains  the  smallest  amount 
of  near-normal  tissue  invaded.  Such  tissue  is  cut  up  into  small  pieces 
about  the  size  of  a  pea,  well  washed,  and  then  thrown  into  a  large 
volume  of  boiling  water,  10  parts  by  volume,  containing  1  or  2  drops 
of  glacial  acetic  acid,  and  allowed  to  boil  for  just  five  minutes.  The 
tissue  is  then  drained  of  its  boiling  water  and  again  similarly  boiled 
except  that  no  acetic  acid  is  used.  The  boiling  is  repeated  in  this 
manner  for  from  three  to  six  boilings,  until  the  boiling-water  gives  not 
the  slightest  reaction  with  ninhydi'in,  using  1  c.c.  of  a  1  per  cent,  solu- 
tion of  ninhydrin  to  5  c.c.  of  the  liquor.  Any  tissue  requiring  more 
than  five  or  six  boilings  is  discarded.  After  the  tissue  has  tested 
negative  to  ninhydrin,  by  boiling  in  bulk,  the  tissue  is  then  placed  in 
small  quantities — about  15  gm. — in  a  60-c.c.  Erlenmayer  flask,  and 
again  boiled.  After  the  contents  of  the  flask  have  cooled,  chloroform 
is  added,  and  the  whole  covered  with  toluene,  the  mouth  of  the  flask 
is  plugged  with  cotton,  and  the  tissue  then  placed  in  the  ice-box  in 
the  water  in  which  it  was  last  boiled.  Whenever  tissue  is  removed  for 
use,  the  remaining  tissue  is  similarly  treated. 

"At  least  30  c.c.  of  blood  should  be  taken  from  the  patient,  either  by 
venipuncture  or  actual  bloodletting  under  strict  aseptic  precautions, 
and  always  using  only  dry  glassware.  The  blood  is  usually  collected 
by  using  a  modified  Jellinghaus-Losee  outfit.  Constant  rigidity  should 
be  maintained  in  using  only  blood  obtained  before  the  morning  meal, 
or  if  the  blood  has  to  be  taken  in  the  late  afternoon,  the  patient  should 
present  himself  without  having  eaten  dinner;  not  even  a  lunch  is 
allowed.  Tiie  blood  is  allowed  to  stand  at  room  temperature  in  the 
collecting  outfit  until  the  serum  separates,  which  varies  from  three  to 
twelve  hours — usually  four  to  six  hours  sufficing.  Accordingly,  blood 
collected  at  8  o'clock  in  the  morning  is  usually  ready  for  setting  up  in 
the  afternoon ;  that  collected  in  late  afternoon  is  ready  next  morning, 
but  should  be  kept  in  an  ice-box  over  night. 

"During  the  time  that  the  blood  is  separating,  apparatus  required 
for  the  test  should  be  made  ready;  and  the  fundaments  to  be  used 
should  !)•'  rcltoiltMl  and  made  to  te.st  negative  to  ninhydrin,  using  1  c.c. 
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of  a  1  ixT  ct'iit.  solution  to  5  l-.c  of  the  boiling  water.  In  rehoiling  the 
tissue,  care  should  be  taken  to  use  ten  times  by  volume  the  amount  of 
distilled  water  as  tissue  to  be  prepared. 

"The  separated  serum  is  pipetted  otf  from  the  collecting  outfit  into  a 
centrifuge  tube,  and  centrifuged  at  high  speed  until  the  serum  is  per- 
fectly clear,  and  free  from  any  reddish  tint  or  cloudy  appearance. 
One  and  one-half  c.c.  of  such  serum  is  placed  at  once  in  a  small  test- 
tube  in  the  waterbatli,  maintained  at  a  temperature  of  56  C.  (132.8 
F.),  for  the  purpose  of  inactiva-ting  the  amount  of  serum,  which  is 
to  be  used  as  a  control  along  with  the  prime  fundament  to  be  used  with 
the  untreated  serum.  At  the  same  time  that  the  serum  is  being  inacti- 
vated, the  dialyzing  outfits  as  described  previously  are  sterilizing. 
After  the  outfit  has  been  sterilized  and  cooled,  chloroform  is  added 
through  the  side  tube  and  then  sufficient  toluene  to  cover  thoroughly 
the  sterile,  distilled  water  surrounding  the  sterile  thimble,  keeping  it 
free  from  all  possibility  of  outside  contamination  due  to  the  special 
»  construction  of  this  apparatus.  Each  dialyzing  outfit  is  labeled  and 
the  formula  made  up  of  various  fundaments  to  be  used,  writing  on 
the  label  the  particular  fundament  and  the  amount  of  serum  that  each 
outfit  is  to  receive.  Then  a  small  piece,  from  0.5  to  1  gm.,  is  dropped 
through  the  funnel-form  stopper  supporting  the  dialyzing  thimble  on 
its  inner  end,  in  spaced  relation  to  the  wall  of  the  outer  container. 
One  c.c.  of  serum  is  then  added  to  each  (formerly  used  1.5  c.c.)  except 
to  the  one  to  receive  the  inactivated  serum.  After  placing  the  serum, 
10  drops  of  toluene  are  added,  replacing  the  cotton  plug,  at  which  time 
the  entire  set  is  ready  for  the  incubator.  They  are  placed  in  an  elec- 
trical incubator,  at  37°  C.  (98.6°  F.).  Abderhalden  specifies  in  the 
pregnancy  test  that  dialysis  should  go  on  for  from  fourteen  to  sixteen 
hours;  experience  with  his  technic  in  the  cancer  test  indicates  that  a 
shorter  period,  about  twelve  hours,  gives  better  differentiation  of  color 
reactions,  and  so,  better  satisfaction. 

"After  removal  from  the  incubator,  the  funnel-form  stopper  support- 
ing its  dialyzing  thimble  and  contents  is  removed.  Five  c.c.  of  the 
dialysate  is  placed  in  a  calibrated  test-tube,  to  which  is  added  0.1  c.c. 
of  a  1  per  cent,  solution  of  ninhydrin.  The  test-tube  with  its  contents 
is  then  boiled  with  its  fellow  in  an  electrical  heating  device  so  con- 
structed that  a  definite,  constant  and  predetermined  heat  is  applied, 
boiling  the  contents  of  the  test-tubes  for  exactly  one  minute  (author's 
electric  test-tube  heater).  By  thus  boiling  the  dialysates  with  ninhy- 
drin, the  ratio  of  evaporation  is  constant  for  each.  After  cooling  for 
one-half  hour,  interpretations  are  made  by  the  color  reactions  obtained. 
If   the   test   has    gone    on   satisfactorily,    negative    reactions   will   be 
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apparent  Ly  the  entire  absence  of  any  color  in  the  contents  of  its 
test-tube.  Positive  reactions  will  manifest  themselves  by  a  distinct, 
usually  not  too  deep,  bluish-purple  color  in  the  contents  of  the  test- 
tube.  Such  reactions  are  easy  of  interpretation  as  to  reactions  obtained. 
The  association  of  all  the  reactions  obtained,  together  with  the  par- 
ticular fornuila  for  the  test,  is  necessary  for  the  making  of  a  diagnosis. 
My  most  frequently  used  formula  for  a  set  of  four  thimbles  is  the 
following : 

' '  One  thimble  containing  the  prime  fundament  and  untreated  serum ; 
one  thimble  containing  the  prime  fundament  and  inactivated  serum ; 
one  thimble  with  either  serum  or  fundament  alone,  as  might  be  indi- 
cated by  a  suspicion  as  to  the  reliability  of  either  one  or  tlie  other; 
the  fourth  thimble  contains  the  secondary  fundament,  common  to  any 
particular  series  of  studies.  Invariably  my  secondary  fundament  has 
been  a  placental  protein.  In  a  few  instances  I  have  also  used  muscle- 
tissue,  brain-cortex,  and  thyroid  gland.  When  the  interpretation  of 
the  test  depends  on  the  meaning  of  various  shades  of  color  reactions, 
it  cannot  be  considered  in  any  other  way  than  unsatisfactory,  and 
indicates  the  necessity  for  a  re-examination.  Whenever  possible,  con- 
trols should  be  run  using  the  same  fornuila  either  with  a  known  normal 
or  malignant.  The  larger  number  of  my  cases  were  run  with  a  known 
control,  but  this  was  not  invariable." 

These  examples  were  to  show  how  important  a  complete  survey  and 
general  examination  of  the  patient  is  and  one  may  feel  sure  tliat  he 
who  fails  to  avail  himself  of  these  helps,  ro])s  himself  of  valuable  means 
for  accurate  diagnosis. 

DETAIL   OB.JECTIVE  EXAMINATION 

The  first  and  most  im{)ortant  thing  to  be  considered  in  the  objective 
examination  is  the  illumination  of  the  patient.  The  ordinary  examina- 
tion of  the  eye  for  the  purpose  of  making  a  diagnosis  is  best  accom- 
plished by  the  use  of  good,  clear  daylight  rays  reflected  through  a 
window,  in  front  of  which  sits  the  patient.  The  surgeon  stands  in 
front  of  the  patient  so  adjusting  his  person  that  no  shadow  is  thrown 
on  the  su])ject,  but  in  such  a  position  that  he  can  examine  the  part 
thoroughly. 

The  chair  in  which  the  patient  sits  should  be  of  the  proper  height, 
so  that  the  surgeon  may  comfortably  see  directly  into  the  examined 
eyes.  A  special  chair  is  not  necessary,  but  several  have  been  designed 
for  this  purpose  and  are  shown  in  illustrations.  A  head-rest  which 
may  be  attached  to  the  back  of  any  ordinary  chair,  thereby  converting 
it  into  an  efficient  oi)litii;iIiiii('  cli.iir,  is  also  shown. 
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Now  proceeding  to  the  special  exaiiiinatioii  ot;  tiie  eyes  one  begins  by 
observing  both  eyes  simiiltancoushj  cnid  comparing  one  with  the  other. 
Tlie  size  of  the   palpebral  openings  is  notcnl   and   any  inequality  is 
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quickly  discerned.  If  an  orbital  or  brain  tumor  should  be  present 
causing  exophthalmus  or  lateral  displacement  of  the  globe,  these  con- 
ditions are  much  more  easily  detected  by  a  comparative  examination  of 
both  eyes.    Such  luarked  difference  as  the  absence  of  one  eye ;  a  turn- 


EXAMINATION  OF  THE  EYE 


4583 


ing  of  the  globe;  the  presence  of  an  inflaaunatory  swelling,  or  the 
existence  of  a  tumor  or  ulcer,  will  immediatel}'  be  noticed. 

Next  centering  attention  on  one  e.ye  the  surgeon  first  observes  the 
condition    of   the   eyelashes.     AVhether    they    are    present    in    normal 
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nuiiibri-  add  cvciils-  distribiitrd  ah)iig  the  margin  of  the  lid.  Notice 
should  he  taken  as  to  the  direction  of  the  cilia.  If  they  turn  toward 
the  globe,  they  are  improperly  directed  (trichiasis)  or  if  tliey  an; 
jjresent  in  two  or  more  ri)\vs  (distichiasis). 

Searcli   should   lie   made   for  small.   \\hit<',  downy   liairs.   wliidi    may 
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grow  from  any  part  of  the  lid  margin,  and  are  often  found  at  tlie  inner 
canthus,  where  they  rub  the  globe  or  caruncle  at  every  winking  act. 
■'Wild  hairs"  which  are  short,  thick  and  black,  often  cause  much 
irritation.  Parasites  (phthiriasis  oeulorum),  may  be  found  at  times 
about  the  roots  of  the  cilia.  If  the  lashes  are  found  matted  together 
with  a  moist  substance,  it  is  at  once  suggested  that  some  form  of  con- 
junctivitis must  exist. 

After  the  eyelashes  the  next  step  is  to  examine  the  lids.  They 
should  be  carefully  oliserved  as  to  color,  mobility  and  thickness.  The 
mouths  of  the  ^leibomian  glands,  at  the  edge  of  the  lids,  in  the  tarsal 
cartilages,  are  carefully  examined.  A  localized  inflammatory  swelling 
of  the  lid  will  suggest  trauma,  hordeolum,  erysipelas,  erythema,  sar- 
coma, an  inflamed  chalazion,  or  acute  circumscribed  edema.  A  local 
non-inflammatory  swelling  may  be  due  to  a  dislocated  lachrymal  gland 
or  a  chalazion.  If  it  be  tlie  latter  a  hard,  round  body,  like  a  shot, 
will  be  felt.  A  local,  non-intlammatory  swelling  may  also  be  due  to 
nephritis.  A  general  inflammatory  swelling  of  the  lids  is  met  with  in 
trauma,  gonorrheal  conjunctivitis,  and  erysipelas.  A  general  non- 
inflammatory swelling  may  be  caused  by  emphysema,  in  which  case 
palpitation  will  elicit  the  characteristic  crepitation ;  or  it  may  come 
from  the  accidental  discharge  of  a  solution  which  has  been  thrown 
into  the  cellular  tissue  while  injecting  the  naso-lachrymal  duct. 

The  puncia  should  be  examined  for  permeability,  pressure  at  the 
same  time  being  made  over  the  lachrymal  sac  in  order  to  express  from 
it,  through  the  puncta,  any  contained  fluid. 

The  contour  of  the  lid  may  be  changed  by  scars  from  wounds,  ulcera- 
tions, or  burns.  The  finger  should  be  passed  over  the  lower  part  of  the 
anterior  surface  of  the  upper,  and  corresponding  portion  of  the  lower, 
lid,  to  feel  for  thickened  areas.  If  present,  they  suggest  tarsitis  or 
occlusion   of  the   ^Meibomian   ducts. 

Having  completed  this  general  survey  of  those  external  parts  of  the 
lids  which  are  easily  seen,  the  examiner  next  proceeds  to  the  inspec- 
tion of  the  conjunctiva  lining  the  iniur  surface  of  the  lids.  To  do  this 
he  must  evert  both  lids  so  as  to  bring  these  parts  into  view.  This  is 
very  easy  of  accomplishment  so  far  as  the  lower  lid  is  concerned.  The 
patient  is  told  to  look  up  and  while  he  is  doing  so  the  examiner  pulls 
down  the  skin  of  the  lid  with  the  tip  of  one  finger  in  such  a  manner 
as  to  cause  the  palpebral  conjunctiva  and  the  conjunctiva  of  the  lower 
fornix  to  roll  out  into  plain  view.  To  evert  the  npper  lid  the  patient 
is  required  to  direct  his  eyes  downward;  the  central  lashes  of  the  lid 
are  then  grasped  betwen  the  thumb  and  first  finger  and  traction  is  made 
a  little  downward  and  away  from  the  eyeball.     At  the  same  time  the 
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surgeon  places  the  tip  of  the  thumb  of  the  other  hand  upon  the  skin 
of  the  lid,  well  back  from  its  edge,  so  as  to  be  beyond  the  upper  limit 
of  the  tarsal  cartilage.  He  now  presses  downward  with  this  thuml)  at 
the  same  time,  turns  the  edge  of  the  lid  upward  by  means  of  the 
lashes  held  by  the  other  hand.  The  thumb,  against  which  the  lid  has 
now  been  turned,  is  removed  and  the  lid  held  everted  by  the  opposite 
thumb  holding  the  lashes  and  edge  of  the  lid  against  the  eyebrow.  This 
procedure  is  one  that  is  found  rather  awkward  of  accomplishment  at 
first,  but  after  a  little  practice  becomes  easy  and  can  be  done  with  very 
little  or  no  discomfort  to  the  patient.  Sometimes  when  lids  are  small 
and  tight  it  will  be  found  easier  to  turn  them  over  a  probe  or  pencil, 
than  over  the  thumb. 

A  somewhat  different  method  of  everting  the  upper  lid  Is  described 
a."?!  follows: 

The  patient  is  told  to  look  down  during  the  whole  time  required 
for  everting  tbe  lid.  The  surgeon  stands  behind  the  operating  chair. 
The  forefinger  of  the  left  hand  is  placed  upon  the  upper  lid  just  below 
the  eyebrow  and  tlie  lid  drawn  by  the  finger  tip  up  and  away  from  the 
eyeball  in  sucli  a  manner  that  the  cilia  point  upward.  The  eyelashes 
are  then  grasped  by  the  tliunib  and  forefinger  of  the  opposite  hand, 
without  touching  the  globe.  The  patient  is  now  directed  to  continue 
looking  downward,  the  lid  is  drawn  down  and  away  from  the  globe, 
while  the  forefinger,  which  was  in  position  below  the  l)row.  is  slipped 
to  the  upper  margin  of  the  tarsal  cartilage  and  pressed  downward. 
At  the  same  time  the  lid  is  (juiekly  turned  over  the  left  finger  nail. 

Carl  Hartzell  {Deutsche  mcd.  Wochenschr.,  June  29,  1911)  describes 
an  invention  of  his  own  which  he  calls  an  ectropionator  (see  cut),  the 
purpose  of  which  is  to  enable  the  operator  to  evert  the  upper  lid  with 
one  hand.  It  is  intended  to  do  its  work  thorouglily  and  to  expose  com- 
pletely tlie  upper  folds  of  the  conjunctiva.  Meantime,  witli  the  aid 
of  the  unoccupied  hand,  api)lications,  and  even  minor  ojx'ratioiis,  caji 
be  carried  on  witlioiit  the  necessity  of  providing  an  assistant. 

Very  often  on  examining  the  eyes  of  infants,  in  whom  the  lids  have 
become  edematous  and  swollen  from  crying  or  other  causes,  the  simple 
separating  willi  lliumli  and  tin^.:cr  will  cause  the  lids  to  evert  them- 
selves and  completely  expose  tiie  inner  surfaces. 

In  everting  the  lids  of  small  children  the  position  of  the  |)aticnt  and 
surgeon,  described  below,  will  be  found  of  great  value: 

The  .surgeon  sits  facing  the  nurse,  who  holds  the  child  lirndy  in  her 
lay)  by  grasping  ils  hands  and  legs.  Thi-  rhild's  ])ody  is  in  a  horizontal 
position,  the  licail  being  toward  the  exjiiiiinei-  and  festing  between  his 
knees.      I')\-    pressing  the    knees   ti^litl>-   against    the    |)a1ient"s   ears   lie 
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liolds  the  Iiead  securely,  allowiug  both  his  hands  to  be  free  for  manipu- 
lating the  lids.  Children  are  often  terrified  and  may  struggle,  so  it  is 
well  to  be  very  careful  to  avoid  pressure  on  the  globe.  Often  by  simply 
waiting  until  the  child  becomes  tired,  one  is  able  to  easily  examine  its 
eyes.  However,  in  some  cases  with  an  affection  of  the  conjunctiva  or 
cornea,  producing  photophobia,  or  if  there  is  great  swelling  of  the  lids, 
it  may  often  become  necessary  to  use  the  ordinary  lid  elevators. 
Usually  one  instrument  is  sufficient,  being  introduced  under  the  upper 
lid,  while  the  thumb  of  the  surgeon  pulls  down  the  lower  lid.  Great 
care  should  Ijc  exercised  in  placing  the  lid  hook  in  position,  for,  if 


Hartzell's  Eetrojiionator. 

the  cornea  be  ulcerated  and  undue  pressure  be  excited,  it  may  be  rup- 
tured and  the  lens  evacuated. 

The  so-called  secondary  evertioii  of  the  upper  lid  is  a  manipulation 
which  is  often  omitted,  but  it  is  of  great  value  in  some  cases. 

It  exposes  the  retrotarsal  fold  and  rec^uires  some  skill  to  accom- 
plish without  instrumentation.  The  edge  of  the  everted  upper  lid  is 
pressed  firmly  against  the  supraorbital  margin  with  the  thumb  of  the 
left  hand ;  then  push  the  lower  lid  upward  over  the  cornea  with  the 
right  index  finger,  at  the  same  time  exerting  gentle  -backward  pres- 
sure upon  the  eyeball. 

The  best  instrument  for  accomplishing  it  is  the  Noyes  retractor 
(see  illustration) .    After  turning  the  upper  lid  in  the  ordinary  manner 
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the  retractor  is  passed  beneath  the  everted  lid  so  that  the  lip  of  the 
instrument  passes  into  the  upper  fornix.  We  now  have  exposed  a 
region  which  is  a  favorite  seat  for  trachoma  and  foreign  bodies. 
Papillary'  tumors  of  the  conjunctiva  occasionally  grow  from  this  part, 
owing  to  the  irritation  caused  b}'  the  lodgment  of  a  foreign  body. 

After  thoroughly  observing  the  condition  of  the  conjunctival  sur- 
faces of  the  lids,  looking  carefully  for  any  change  in  smoothness,  thick- 
ness, or  secretion  of  this  membrane  we  proceed  to  the  ocular  conjunc- 
tiva. One  first  notes  if  any  undue  redness  is  present,  and,  if  present, 
whether  it  is  greatest  posteriorly,  in  the  region  of  the  fornices,  or 
anteriorly,  around  the  corneo-scleral  junction. 

An  outline  for  an  easy  method  of  diagnosing  the  commoner  forms 
of  infiaminations,  which  is  based  very  decidedly  on  the  condition  of  the 
ocular  conjunctiva  is  given  below : 
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Noyes'   Lid   Rctiactor    for    Secondary   Eversion    of    rhc    Upper    Lid. 

It  happens  that  the  reddened  appearance  presented  by  the  eyeball 
(due  to  the  engorgement  of  otherwise  invisible  vessels  upon  a  back- 
ground of  the  white  sclera)  is  common  to  most  intiaininations  of  the 
eye.  Not  only  in  the  superficial  Init  in  deep-seated  oeuUir  lesions  as 
well,  one  or  all  the  venous  and  arterial  systems  of  the  anterior  seg- 
ment of  the  globe  become  injected  and  more  or  less  deeply  tinge  the 
otberwise  whitish  globe. 

Taking  this  clinical  observation  as  a  starting  point  and  combining 
with  it  careful  inspection  of  the  eye  itself  we  may  readily  distinguish 
the  various  eye  infiammations  from  one  another,  and  from  affections 
non-inflammatory  in  character,  by  means  of  the  following  sclieme, 
drawn  up  after  the  plan  pursued  by  Fenwick  in  his  small  work  (1870) 
on  medical  diagnosis : 

(a)  The  eyeball  is  wholly  or  partially  reddened,  without  discom- 
fort or  other  symptom,  (b)  The  eyeball  is  reddened  and  nncom- 
forlable,  but  without  actual  pain.  {(•)  The  eyeball  is  red  and  dis- 
tinctly painful. 

(a)  The  eyeball  is  u-lioJlij  or  partiallu  reddened  ivithout  discomfort 
or  other  symptom.  Pi-actically  one  condition  only  is  included  under 
tbis  beading,  vi/.,  subconjunctival  hemorrliagc.  Tliere  is  no  discharge 
from  the  eye  and  close  inspection  of  it  shows  that  the  i-cdiiess  is  local- 
ized as  a  deep  red,  smooth,  iiiiil'onn  |)alch.  obscuring  the  sch'i'iil  vessels. 
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Except  in  the  recurrent  type  and  in  patients  over  40  years  of  age  (when 
Bright 's  disease  or  organic  heart  lesions  may  be  suspected)  it  is  an 
innocent  condition. 

(b)  The  eyeball  is  reddened  and  tincomfortaMe,  but  there  is  no 
marlxcd  pain.  Here  we  have  to  deal  with  hyperemia  of  the  conjunctiva, 
a  foreign  body  in  the  cornea  or  conjunctival  sac,  phlyctenules  of  the 
conjunctiva,  and  most  of  the  forms  of  infection  of  the  conjunctiva 
popularly  known  as  acute  and  chronic  conjunctivitis.  In  hyperemia  of 
the  conjunctiva  the  lining  of  the  everted  lids  looks  redder  and  rougher 
than  normal  and  than  the  ocular  conjunctiva,  there  are  slight  smarting, 
burning  and  itching  of  the  lids  and,  at  times,  a  foreign  body  sensation. 
No  secretion  forms  except  a  little  at  the  inner  canthus,  which  occa- 
sionally glues  the  lid  edges  together  in  the  morning.  Foreign  bodies 
in  the  cornea  or  in  the  sac  are  always  to  be  suspected  when  the  patient 
complains  of  constant  scratching  and  of  that  peculiar  sensation,  known 
to  every  layman,  of  a  corpus  alienum.  The  sac  and  cornea  should  be 
scanned  with  a  magnifying  lens  when  these  symptoms  are  present. 
Phlyctenules  of  or  pimples  on  the  conjunctiva  are  commonly  seen  on 
the  surface  of  the  globe,  surrounded  by  a  patch  of  blood  vessels. 
Their  diagnosis  is  extremely  easy  in  the  majority  of  cases.  In  most  of 
the  forms  of  acute  and  chronic  conjunctivitis  there  is  no  distinct  pain, 
but  smarting,  burning  and  foreign  body  sensations  (not  constant)  with 
a  mucous  or  muco-purulent  discharge,  which  is  found  on  the  lid  edges 
and  at  the  inner  canthus  in  sufficient  quantity  to  glue  the  lashes 
together  so  that  they  must  be  washed  apart  before  the  eyes  can  be 
opened  after  a  night's  sleep.  The  injection  and  swelling  of  the  con- 
junctiva, and  a  loss  of  its  transparency,  is  well  seen  on  everting  the  lids 
and  inspecting  the  posterior  aspect  of  the  globe.  Only  in  long-stand- 
ing or  very  acute  cases  does  the  redness  extend  to  the  margin  of  the 
cornea.  ■  The  tension  of  the  eyeball  is  normal  and  the  latter  is  rarely 
tender  to  the  touch. 

(c)  The  eyeball  is  red  and,  painful.  These  symptoms  are  common 
to  iritis,  glaucoma,  phlyctenules  of  the  cornea,  ulcer  of  the  cornea, 
scleritis  and  episcleritis,  ocular  neuralgia  and  gonorrheal  infection  of 
the  conjunctiva. 

In  iritis  the  redness  is  at  first  confined  to  the  corneal  region  of  the 
ocular  conjunctiva,  although  in  a  few  days  all  the  vessels  of  the  globe 
are  engorged.  There  are  also  marked  photophobia  and  a  copious  flow 
of  tears;  the  eyeball  is  tender  to  the  touch  and  the  pain  (in  the  eye 
and  above  it)  becomes  worse  toward  evening.  The  tension  of  the  eye 
is  rarely  increased  and  the  pupil  is  contracted. 

The   temperature   of  the   conjunctiva  is  of  some  importance  and 
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several  methods  have  at  different  times  been  suggested  for  recording 
it,  but  mostly  these  investigations  have  only  been  of  an  experimental, 
laboratory  significance.  However,  an  instrument  which  would  accu- 
rately and  easily  show  changes  in  the  temperature  of  the  eye  would 
assist  not  infrequently  in  arriving  at  a  diagnosis.  Particularly  in  the 
two  following  directions  might  it  prove  of  value. 

a.  Indicating  changes  of  temperature  which  accompany  certain 
inflammatory  conditions  of  the  cornea,  uvea  or  other  portions  of  the 
globe  itself. 

b.  Inasmuch  as  efforts  of  accommodation  and  convergence  are  often 
followed  by  slight  injection  of  the  conjunctiva,  it  is  quite  possible  that 
with  these  two  couples  we  may  be  able  to  obtain  a  better  idea  of 
the  metabolic  changes  which  take  place  in  that  complicated  process 
which  we  call  eye-strain. 


The  Theniio-Couple  of  Liicien  Howe. 
General  plan  of  the  arrangement  of  two  thermo-couples  with  a  galvanometer 

in  circuit. 

In  a  word,  the  field  which  tlius  opens  before  us  lor  the  first  time 
seems  to  be  one  ripe  and  ready  for  a  harvest  of  interesting  facts  by 
the  ophthalmologists  of  the  future. 

Some  students,  appreciating  tlie  prol)ab]e  importance  of  this  sul)- 
ject,  have  attempted  measurements,  but  all  of  tliem  were  made  with 
some  modification  (if  llic  mercurial  thermometer.  One  form  of  this 
which  attracted  considerable  attention  was  suggested  by  Galezowski. 
It  had  a  flat  l)ulb  small  enougli  to  pass  easily  beneath  the  lid,  and  the 
tube  extended  8  or  10  cin.  at  right  angles  to  1lie  bulb;  but  the  glass  of 
the  bulb  was  so  thin  that  the  least  pressure  of  the  lid  i)r()duced  a 
rise  of  the  mercury,  and  of  course  constant  readings  were  ini])()ssible. 

Luci..M  Ildwe  liMS  described  (Jour.  A.  M.  A.,  Sept.  27,  IIH.'!.  Tart  2) 
;mi  iiisti-umeiit  which  nudvcs  use  of  a  different  pi'inciple,  and  which  at 
this  time  is  the  neai-est  approach  to  a  practical  one  that  has  been 
brought  forwai'd.     As  desci'ihcd  by  tlie  inxcntor  it   consists  mainl\'  of 
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a  thermo-couple,  which  is  also  called  the  "thermo-electric  junction"  or 
' '  thermal  junction. ' ' 

If  two  strips  of  metal  of  unequal  conducting  power  are  soldered 
together,  the  line  where  they  meet  is  of  course  a  ' '  junction. ' '  If  the 
free  ends  of  these  two  strips  are  connected,  and  then  if  the  line  of 
their  first  junction  is  heated  or  cooled,  that  junction  becomes  a  "ther- 
mo-couple," or  thermo-electric  junction.  An  electric  current  is  then 
generated  throughout  the  circuit,  and  if  a  galvanometer  be  placed  in 
that  circuit  the  strength  of  the  current  will  be  indicated  by  the  index. 

Or  again,  we  may  arrange  two  such  couples  in  the  circuit,  placing 
the  couples  so  that  they  are  technically  in  "multiple"  or  "parallel," 
having  the  galvanometer  in  series  with  one  of  the  connections.  Such 
an  arrangement  is  sketched  in  the  accompanying  diagram.     Then  if 


The  Thermo-Couple  of  Lueien  Howe. 
(Actual  size.) 

both  couples  are  heated  or  cooled  to  the  same  degree  at  the  same  time, 
the  electric  current  developed  by  each  couple  neutralizes,  as  it  were, 
the  current  which  is  developed  in  the  other  and  no  change  is  registered 
by  the  galvanometer. 

If  one  of  these  couples,  however,  is  heated  or  cooled  more  than  the 
other,  the  excess  of  electric  current  developed  will  be  shown  by  the 
index  of  the  galvanometer.  This  arrangement  of  two  thermo-couples 
has  been  used  for  some  years  in  laboratories  and  certain  industrial 
establishments  for  measuring  slight  differences  of  temperature  between 
two  mediums. 

The  following  is  the  general  plan  of  the  two  thermo-couples  which 
have  proved  most  useful  for  measuring  the  temperature  of  the  conjunc- 
tiva as  compared  with  that  of  the  mouth : 

1.  A  very  fine  covered  copper  wire  extends  about  8  or  10  feet  from 
one  post  of  a  galvanometer. 
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2.  The  free  end  of  this  copper  wire  is  fused  to  one  end  of  a  com- 
position wire,  which  is  particularly  useful  for  delicate  thermo- 
couples. Several  kinds  of  such  wire  are  on  the  market.  The  point  of 
fusion  of  these  two  delicate  wires  forms  the  first  of  the  two  thermo- 
couples. 

3.  The  other  end  of  this  wire  is  fused  with  a  second  piece  of  copper 
wire.     This  junction  forms  the  second  thermo-couple. 

4.  The  other  end  of  this  copper  wure  extends  about  8  or  10  feet  to 
the  second  post  of  the  galvanometer. 

Theoretically  these  two  couples  would  be  sufficient  to  indicate  on  a 
suitable  galvanometer  any  difference  of  temperature  between  them. 
But  practically  we  know  that : 


The  Thermo-Couple  of  Lucien  Howe. 
(Actual  size.) 

a.  The  junction  of  the  copper,  and  of  the  composition  wire  must 
be  secure. 

b.  The  two  wires  must  be  thoroughly  insulated,  and  not  easily 
injured. 

c.  They  must  be  so  protected  as  to  be  easily  and  thoroughly  disin- 
fected. 

d.  They  must  "balance"  exactly.  That  is,  neither  should  produce 
auy  current  in  excess  of  its  fellow,  when  both  coujiles  are  at  the  same 
temperature. 

It  is  desirable,  therefore,  to  glance  at  the  special  forms  of  the 
thermo-couples  which,  after  numerous  trials,  have  been  found  most 
suited  for  introduction  into  tlie  conjunctival  sac  and  into  tlie  mouth, 
respectively. 

A.  The  couplr  for  llic  conjuncliNa.  This  is  seen,  natural  si/c,  in 
the  figure,     fn  making  records  it  is  convenient  to  designate  tiiis  one  as 
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"Couple  A,"  and  to  attach  its  wire  to  the  post  of  the  galvanometer 
which  corresponds  to  black  numbers  on  the  scale. 

B.  The  couple  for  the  mouth.  This  is  also  seen,  natural  size,  in 
the  figure.  In  making  records  it  is  convenient  to  designate  this  one  as 
"Couple  B,"  and  to  attach  its  wire  to  the  post  of  the  galvanometer 
which  corresponds  to  red  numbers  on  the  scale. 

Although  any  variety  may  be  used,  the  galvanometer  found  most 
convenient  for  this  purpose  was  the  D  'Arsonval,  Type  P,  mounted  on  a 
tripod.    Descriptions  of  the  D 'Arsonval  galvanometer  can  be  found  in 


The  Thermocouple  of  Lueien  Howe. 
Method  of  using  the  t\YO  thermo-couples. 


any  treatise  on  magnetism.  Any  unequal  heating  or  cooling  of  the 
two  couples  produces  a  current  which  causes  a  suspended  mirror  to 
turn  from  side  to  side.  The  mirror  is  viewed  through  a  telescope,  and 
reflects  the  figures  of  a  scale.  This  scale  on  the  horizontal  strip  is 
50  cm.  long,  graduated  in  millimeters,  and  numbered  25  red  to  0  to 
25  black. 

According  to  measurements  made  with  Howe's  couples  it  was  found 
that,  1  mm.  of  the  scale  corresponded  to  about  six  hundredths  of  one 
degree  Centigrade  (0.06°  C).  Now  it  is  not  difficult  for  an  observer 
to  distinguish  a  movement  of  the  index  of  a  half  or  even  a  quarter  of 
a  millimeter.     That  is  to  say,  the  couples  arranged  in  this  way  show  a 
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difference  of  temperature  of  0.03°  C.  or  even  0.015°  C.     This  is  the 
sensitiveness  expressed  in  figures. 

An  illustration  shows  better  what  that  means.  If  the  hand  is  placed 
three  or  four  inches  from  one  of  these  couples,  the  radiated  heat  is 
sufficient  to  make  a  very  distinct  movement  of  the  index  of  the  gal- 
vanometer. If  the  finger  touches  one  couple  the  index  at  once  swings 
over  30,  40,  or  even  more,  millimeters.  Or  if  one  couple  is  held  in  the 
hand  and  gently  breathed  on,  the  index  flies  rapidly  not  only  to  the 
end  of  the  scale,  but  so  far  beyond  as  to  make  any  reading  impossible. 
In  other  words,  we  have  here  a  method  of  measurement  far  more  sensi- 
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tive  than  by  any  thermometer  which  could  possibly  be  used.     The 
method  of  using  the  apparatus  is  as  follows : 

As  a  preliminary  we  must  make  sure  that  the  two  couples  "balance" 
each  other;  in  other  words,  that  the  galvanometer  registers  zero  wlien 
the  two  couples  are  in  some  medium — air  or  water — in  which  their 
temperatures  are  exactly  the  same.  It  is  also  essential  to  know  how 
many  seconds  or  minutes  are  necessary  for  such  a  balancing  to  take 
place,  as  this  depends  largely  on  the  relative  thickness  of  the  glass 
which  insulates  each  thermo-couple,  and  somewhat  on  tlic  distance 
which  each  is  covered.  Let  us  suppose  that  with  a  given  pair  of 
couples  we  have  ascertained  that  such  a  balancing  takes  place  after 
two  minutes  and  a  quarter.  Also  suppose  that  we  have  applied  a  5 
per  cent.  s<ihiti()n  of  cocjiin  two  or  three  times  to  the  conjunctiva  to 
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be  examined.  The  patient  being  then  seated  comfortably  and  con- 
veniently near  to  the  galvanometer,  Couple  B  is  placed  in  his  mouth. 
He  is  asked  to  close  his  lips  on  it,  and  allow  the  glass  tube  to  rest 
against  the  side  of  the  tongue,  as  is  done  when  we  use  a  clinical  ther- 
mometer. This  couple  must  of  course  first  remain  in  that  position 
for  at  least  the  two  minutes  and  a  half,  which  had  been  found  neces- 
sary by  previous  experiment  to  ])ring  it  up  to  the  body  temperature. 
Having  done  this,  the  surgeon  takes  Couple  A  with  the  thumb  and 
index-finger  of  the  right  hand,  tlie  lid  is  raised,  and  the  couple  intro- 
duced gently  beneath  the  lid. 

Care  should  be  taken  to  have  the  portion  which  is  beneath  the  lid 
actually  in  contact  with  the  globe.  If  the  point  is  bent  forward  so  as 
to  cause  the  lid  to  project  and  produce  an  air  space  between  the  lid 
and  globe  even  a  few  millimeters  wide,  the  effect  is  seen  at  once. 

While  the  two  couples  are  thus  held  in  position  by  the  surgeon,  an 
assistant  looks  through  the  telescope  of  the  galvanometer  to  observe  the 
changes  in  the  index,  and  to  record  them  as  they  occur.  At  first  the 
index  may  show  that  the  mouth  registers  as  much  as  1  or  2  degrees 
above  the  temperature  of  the  eye.  But  if  care  is  taken  to  have  the 
patient  keep  Couple  B  gently  but  constantly  against  the  tongue,  and  if 
the  operator  is  equally  careful  to  rest  Couple  A  against  the  eye,  after 
from  three  to  four  or  five  minutes  the  temperature  becomes  gradually 
more  equalized,  until,  under  normal  conditions.  Couple  A,  in  the 
cul-de-sac  near  the  inner  or  outer  canthus  of  the  eye,  registers  from  0.2 
to  0.3°  C.  lower  temperature  than  that  of  the  mouth. 

This  can  be  shown  on  a  system  of  coordinates  in  which  the  zero 
line  represents  a  perfect  balance  between  the  two  couples,  A  and  B, 
no  matter  what  the  absolute  temperature  may  be.  Each  division  of 
the  abscissa  (the  vertical  line)  below  the  horizontal  zero  line  shows 
that  the  index  on  the  scale  of  the  galvanometer  has  moved  2  mm. 
tow^ard  the  black  side — in  other  words,  that  the  temperature  of  Couple 
A  (the  one  used  for  the  eye)  is  0.12  degree  Centigrade  warmer  than 
Couple  B. 

On  the  other  hand,  each  division  of  the  vertical  line  above  the  hori- 
zontal zero  line  shows  that  the  index  of  the  galvanometer  has  moved 
2  mm.  toward  the  red  side  of  the  scale — in  other  words,  that  Couple 
B  (in  the  mouth)  is  0.12  degree  warmer  than  Couple  A. ' 

Each  division  of  the  horizontal  lines  represents  one-fifth  of  a  minute. 
Such  a  graphic  representation  of  the  variation  of  temperature  in  one 
observation  is  shown  in  the  diagram. 

After  this  necessarily  detailed  description  of  the  construction  and 
method  of  using  these  thermo-couples,  the  c^uestion  naturally  arises. 
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What  do  we  learu  from  them  ?     The  results  may  be  briefly  stated  as 
follows : 

1.  We  know  now  and  I'or  the  first  time  that  the  temperature  of  the 
cul-de-sae  of  the  conjunctiva  near  the  outer  or  inner  canthus  is  usually 
from  about  0.3  to  0.4  degree  C.  lower  than  that  of  the  mouth.  This 
finding  was  at  first  rather  surprising,  and  was  naturally  attributed  to 
some  fault  in  the  instrument  or  in  manipulation.  Kepeated  trials,  how- 
ever, on  different  individuals  seem  to  establish  the  fact  beyond  ({ues- 
tion.  The  reason  of  this  is  probably  that  the  couple  placed  in  the 
mouth  rests  against  the  tongue,  and  is  protected  by  that  on  one  side, 
and  the  thick  layer  of  facial  muscles  on  the  other.  On  the  other  hand, 
the  globe  of  the  eye  is  protected  only  by  the  lids,  much  thiimer,  of 
course,  than  the  cheek,  and  therefore  not  only  colder,  but  more  sensi- 
tive to  variations  of  external  temperature. 

2.  The  temperature  of  the  conjunctiva  immediately  over  the  cornea 
in  six  individuals  w^as  found  to  be  on  the  average  0.1  degree  C.  lower 
than  at  the  outer  or  inner  canthus. 

It  wull  be  observed  that  36.9°  C,  or  about  98.6°  F.,  can  be  con- 
sidered as  the  normal  temperature.  In  several  of  the  measurements  the 
patients  held  in  the  mouth  not  only  Couple  B  but  also  a  Centigrade 
thermometer  graduated  in  fifths  of  a  degree,  and  accurately  corrected 
by  the  Bureau  of  Standards.  This  gave  the  absolute  temperature  of 
the  mouth,  from  which  by  comparison  it  was  possible  to  obtain  the 
absolute  temperature  of  the  conjunctiva.  In  these  measurements  also 
care  was  taken  that  no  cold  or  warm  fiuids  or  food  had  been  taken  into 
the  mouth  for  some  time  previously,  as  such  substances  affect  the 
temperature  for  minutes  or  even  for  a  few  hours. 

3.  It  is  possible  by  this  method  to  measure  for  the  first  time  to  what 
extent  cold  or  hot  applications  to  the  outer  portions  of  the  lids  really 
change  the  temperature  of  the  conjunctiva.  It  was  found,  for  example, 
in  one  case  that  when  pieces  of  cotton  moistened  with  ice-water  were 
applied  to  the  lids  in  rapid  succession  four  or  five  minutes,  the  tem- 
perature of  tile  i-oiijuiii-tiva  could  easily  be  reduced  1  or  about  1.5 
degrees  Centigrade 

On  the  other  hand,  tlic  (iirCicully  in  reducing  the  tciiipcfalurc  l)rh)\v 
that  increased  rapidly  witii  each  fraction  of  a  degree. 

This  point  is  of  impoi-taiicc  in  conJict-tion  with  the  treatment  of 
bacterial  infections.  It  is  well  known  that  many  of  the  forms  which 
invade  the  conjunctiva  have  their  vitality  lessened  in  pioportion  to 
the  decrease  in  temperature.  Praet ic;d]y.  however,  it  is  difficult  or 
impossible  to  produce  such  a  i-hange  in  the  temperature  as  prevents 
the  growth  of  these  bactei-ia  in  the  test-tube.     This  is  a  phase  of  the 
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subject  which  seems  worthy  of  nnicli  more  careful  study  concerning 
each  separate  germ.  The  temperature  of  the  interior  of  the  globe  has 
been  measured  in  two  cases  in  whieh  a  practically  normal  eye  was 
about  to  be  enucleated  on  account  of  malignant  growths  in  the  orbit. 
These  measurements  seem  to  show  that  the  temperature  of  the  interior 
of  the  globe  is  a  little  higher  than  that  of  the  conjunctiva  and  lower 
than  that  of  the  mouth. 

The  condition  of  tJie  lachryuial  apparatus  should  next  be  observed 
by  the  examiner.  The  puncta  should  be  carefully  examined  as  to  the 
presence  or  absence  of  a  foreign  body,  such  as  a  stray  eye-lash.  Notice 
whether  the  puncta  are  directed  properly,  so  as  to  take  up  the  flow  of 
tears.  In  the  normal  position,  it  is  not  possible  to  see  the  punctum 
except  on  lifting  the  lid  away  from  the  eye  ball. 

Palpation  reveals  the  condition  of  the  tear-sac.  If  on  pressure 
we  cause  a  discharge  of  pus  or  mucus  into  the  conjunctival  sac  above 
or,  as  is  less  frequently  seen,  into  the  nose  below,  we  may  feel  assured 
that  the  sac  is  diseased.  If  there  is  doubt  as  to  the  potency  of  the 
drainage  apparatus,  a  small  amount  of  warm  boric  acid  solution  may 
be  injected  into  the  lower  canaliculus  from  a  hypodermic  syringe 
armed  with  a  blunt  needle.  If  the  fluid  runs  freely  into  the  nose 
we  may  assume  that  the  drainage  system  is  clear.  But  if  the  fluid 
returns  into  the  conjunctival  sac  by  way  of  the  upper  canaliculus, 
there  is  either  an  obstruction  or  stricture. 

Another  method  of  testing  the  condition  of  the  lachrymal  passages 
is  to  place  several  drops  of  a  2  per  cent,  fluorescein  solution  on  the 
conjunctiva  and  then  after  waiting  several  minutes  have  the  patient 
blow  his  nose  into  a  clean  handkerchief.  The  solution  will,  if  the 
passages  are  clear,  have  passed  into  the  nose  and  will  be  found  as 
stains  on  the  handkerchief. 

The  accessory  lachrymal  gland  may  be  seen  by  drawing  the  upper 
lid  well  away  from  the  globe  and  at  the  same  time  having  the  patient 
look  downward.  Under  normal  conditions  the  gland  proper  cannot 
be  seen  or  felt. 

Having  now  completed  our  examination  of  those  structures  imme- 
diately surrounding  the  eye-ball  itself,  we  begin  observations  of  the 
glohe  by  turning  our  attention  first  to  its  position  in  the  orbit.  By 
this  is  meant  whether  there  may  be  a  condition  of  exophthalmus  pres- 
ent. A  marked  exophthalmus  is  easily  noticed,  but  a  slight  one  is  not 
readily  distinguished,  particularly  if  it  involves  both  eyes.  In  those 
cases  of  slight  protrusion  where  it  is  a  question  as  to  whether  a  patho- 
logical condition  is  present,  accurate  measurements  sliould  be  taken 
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with  an  exophthalinometer.     These  can  he  repeated  from  time  to  time 
and  by  comparison  of  the  findings  valuable  deductions  made. 

Hertel  has  devised  an  exophthalmonieter  which  measures  the  posi- 
tion of  the  eye-ball  accurately  and  rapidly.  The  instrument  (see 
figure)  is  fitted  with  two  movable  mirror  and  scale  carriers  with 
sleeves  by  which  they  may  be  slid  along  a  guide  bar  and  accurately 
set  to  the  outer  margins  of  the  orbital  cavities  of  the  patient's  eyes. 
The  distance  between  these  margins  is  shown  by  the  scale  on  the  guide 
bar.  Every  time  a  fresh  measurement  is  to  be  taken  the  instrument 
may  be  quickly  set  ])y  the  scale.  The  operator  looks  with  both  eyes 
into  the  left  or  right  pair  of  crossed  mirrors.  The  lower  mirror  shows 
the  lower  lialf  of  the  vertical  profile  of  the  cornea  turned  round  into 
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u  i)lane  at  riglit  angles  to  the  o])Server"s  line  of  sight,  whilst  the  upper 
mirror  forms  an  image  of  the  scale  for  measuring  tlie  protrusion  of 
the  cornea  in  approximately  the  same  plane  in  which  the  profile  of 
tile  coi-nea  is  seen  ;  the  two  images  are  accordingly  seen  without  any 
appreciable  amount  of  stereoscopic  i)arallax.  In  the  event  of  the 
corneal  apex  being  situated  exactly  20  mm.  nearer  to  the  meridional 
plane  tiian  the  points  where  tlie  instrument  rests  on  the  orbital  uuirgins 
the  j)lan('  of  the  scale  image  and  that  of  the  corneal  profile  are  strictly 
coincident.  The  reading  gives  tlie  distance  in  millimeters  from  a 
frontal  plane  passing  through  the  points  of  application  on  the  orbital 
margins. 

The  exoplitlialmonieter  of  Lohmann  is  shown  in  figure.  It  is  sup- 
ported l)y  a  spring  extending  from  h,  which  rests  over  the  glabcll.i,  to 
the  occiput.  From  h  the  spring  p  suppoi-ts  a  horizontal  arm  parallrl 
to  the  plane  of  the  face  to  each  end  of  which  is  carried  the  measuring 
apparatus  proper.  This  rests  against  the  middle  ol'  the  outer  margin 
of  the  orbit,  with  the  millimeter  scide  above,  a  miiTor-.  Sp.  below,  and 
the  index  Z  tnoved  by  a  screw.  With  the  instfuiiieiit  in  position  the 
eye  of  the  ohserver   is  so  placed   that    tiie    index   jippenrs  to  coincide 
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with  its  reflection  in  the  mirror.  The  index  is  then  moved  by  the 
screw  until  it  appears  tangent  to  the  cornea  at  its  anterior  pole,  when 
the  protrusion  of  the  eye  may  be  read  from  the  millimeter  scale. 

The  real  examination  of  the  condition  of  the  eye-ball  now  begins 
by  first  observing  the  condition  of  the  sclera.  In  adults  this  should 
be  of  a  clear  white,  but  in  very  old  individuals  it  may  become  quite 
yellowish  and  still  be  healthy.  A  bulging  of  the  sclera  may  indicate 
either  the  position  of  an  intra-ocular  tumor  or  it  may  be  simply  a 
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staphyloma  marking  the  site  of  an  old  injury  or  idiopathic  inflamma- 
tion. If  it  should  be  the  latter  transillumination  will  show  the  differ- 
ence. The  subject  of  transillumination  is  considered  in  full  under 
Diaphanoscopy,  Vol.  V,  p.  3938,  of  this  Encyclopedia. 

Proceeding  to  the  cornea  one  first  considers  its  size.  The  average 
horizontal  diameter  of  the  normal  cornea  is  11.6  mm.  This  measure- 
ment can  roughly  be  made  by  simply  holding  a  small  ruler  in  front 
of  the  eye  and  noting  at  what  points  the  sclero-corneal  margins  are 
seen.  However,  to  accurately  determine  this  diameter  a  special  in- 
strument is  needed  and  the  one  designed  by  Wessely  seems  to  be  very 
true  and  easy  of  operation.  In  addition  to  the  purpose  for  which  it 
was  invented  it  can  also  be  used  for  measuring  the  distance  between 
the  corneal  vertex  and  the  apex  of  the  spectacle  lens,  which  is  an  im- 
portant datum  to  know  in  many  prescriptions  for  glasses. 
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Since  the  curved  profile  of  the  cornea  renders  it  impossible  to  apply 
a  straight-edged  scale  with  any  degree  of  accuracy,  the  plan  has  been 
adopted  of  eliminating  errors  by  measuring  the  image  of  an  object  as 
seen  by  parallel  rays  with  the  eye  applied  at  the  principal  focus  of  a 
lens,  i.e.,  by  what  is  known  as  a  telecentric  arrangement. 

When  the  observation  is  made  through  a  stop  situated  in  the  posterior 
focal  plane  F'  of  a  lens  it  follows  that  the  rays  proceeding  from  the 
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Diagrammatic  Chart  of  Eays  through  the  Keratometer  of  Wessely. 

object  to  the  lens  will  be  parallel  to  its  axis  (see  figure).  If  now 
a  scale  be  placed  in  front  of  the  object  oo  a  correct  reading  of  the 
size  of  the  object  will  be  obtained,  no  matter  what  its  position  may  be. 
The  keratometer  is  constructed  upon  this  principle.  The  stop  (1, 
see  figure)  is  situated  in  the  posterior  focal  plane  of  a  4-6-diopter  lens 
mounted  within  the  tube  (2).  The  opposite  end  of  the  tube  carries  a 
vulcanite  ring  (3),  by  means  of  which  the  instrument  may  be  rested 
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upon  the  margin  of  tlic  orbital  cavity  of  the  patient's  eye.  Within 
the  ring  a  scale  (4)  divided  into  half  millimeters  is  so  mounted  that 
its  upper  edge  may  pass  accurately  through  the  centre  of  the  ring. 
In  front  of  the  ring  the  tube  has  a  large  excision  througli  which  suf- 
ficient light  may  reach  the  scale  and  the  patient's  eye. 

The  scale  (4)  is  silutitcd  near  the  anterior  focus  of  tlic  lens,  and 
ihe  same  iii)])lies  to  tlie  conieji  which  is  to  be  measured.  ;in(l  liem-e  both 
the  scale  and  the  cornea  can  easily  be  seen  magnified  1.5  times  by  an 
eye  placed  in  front  of  the  stop  (1).  The  tube  has  anotiier  excision 
(5)  in  front  of  th.-  stop  (1).    Within  this  excision  the  int)e  carries  a 
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small  white  mark  (6),  upon  which  the  patient  is  required  to  fix  his 
sight.  A  white  screen  (7)  serves  to  illuminate  the  fixing  mark  with 
diffuse  reflected  light. 

A  cornea  of  any  diameter  may  be  measured  with  the  instrument. 
All  that  is  necessary  is  to  rotate  the  instrument  whilst  the  hard  rubber 
ring  is  placed  upon  the  fingers  which  are  being  used  for  stretching 
the  eyelids  apart.  The  instrument  is  also  available  for  measuring 
the  pupils;  it  may,  in  fact,  be  used  for  measuring  the  bodies  of  any 
shape  whose  greatest  diameter  does  not  exceed  20  mm. 

The  keratometer  affords  a  particularly  simple  and  reliable  means  of 
measuring  the  distance  between  the  apices  of  the  cornea  and  spectacle 
lens.  To  carry  out  this  measurement  it  is  best  to  unscrew  the  vulcanite 
ring.  The  observer  should  then  so  place  himself  that  the  center  line 
of  the  instrument  is  at  right  angles  to  the  patient's  line  of  sight  when 
he  is  looking  straight  ahead.  For  example,  when  setting  an  empty 
trial  frame  and  measuring  the  distances  between  the  edges  of  the 
spectacles  and  the  apex  of  the  cornea  we  should  see  the  temporal  and 
nasal  edges  of  the  spectacle  frame  as  one.  With  the  third  and  fourth 
fingers  the  observer  should  steady  his  left  hand  with  which  he  holds 
the  farther  end  of  the  tube  upon  the  patient's  temple.  In  the  case  of 
positive  spectacles  there  is  generally  no  difficulty  in  seeing  the  apex 
of  the  spectacle  lens  from  the  side,  and  then  the  distance  betw-een  the 
apices  of  the  cornea  and  the  spectacle  lens  may  be  read  off  at  once. 
In  the  case  of  weak  positive  glasses,  and  still  more  so  in  that  of  nega- 
tive glasses,  it  is,  of  course,  impossible  to  see  the  apex  from  the  side. 
The  difficulty  may  be  overcome  by  the  simple  expedient  of  measuring 
the  distance  of  the  corneal  apex  from  the  plane  of  the  frame  edges 
facing  the  eye,  and  determining  with  an  ordinary  depth  gauge  the 
distance  between  the  apex  of  the  lens  and  the  inside  plane  of  the  frame 
edge.  The  measurement  of  the  vertical  distance  of  the  objects  0,^  O2 
(shown  diagrammatically  in  the  first  figure)  will  not  fail  to  be  cor- 
rect, even  though  the  objects  are  not  in  one  plane  and  do  not  coincide 
with  the  scale,  since,  as  was  explained  above,  the  rays  which  proceed 
from  the  object  and  scale  are  parallel. 

At  this  point  it  is  often  advisable  to  examine  the  sensibility  of  the 
cornea.  This  procedure  is  best  accomplished  by  gently  touching  the 
surface  of  the  membrane  with  a  wdsp  of  cotton  twisted  to  a  fine 
point.  If  the  sensation  be  normal,  the  touch  should  be  instantly 
followed  by  the  reflex  act  of  winking  (palpebral  reflex),  although  even 
when  the  cornea  is  insensitive,  closure  of  the  lid  may  occur  if  the  test- 
object  comes  in  the  field  of  the  pupil.  This  is  not  due  to  contact,  but 
represents  the  retinal   lid-closure   reflex.     In   organic   anesthesia  the 
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lachrymal  reflex  is  wanting,  but  is  present  in  hysteric  anesthesia.  The 
opposite  eye  should  always  be  tested  as  a  control. 

Slight  irregularities  on  the  surface  of  the  cornea  are  distinguished 
by  the  simple  method  of  placing  the  patient  before  a  window  and 
while  the  eyes  are  made  to  follow  the  uplifted  finger,  held  about  one 
foot  from  the  face,  the  image  of  the  window  bars  reflected  from  the 
cornea  will  be  broken  as  it  crosses  the  spot  of  inequality.  Placido's 
disc,  which  consists  of  alternate  black  and  white  circles  having  a  hole 
in  the  center,  may  also  be  employed  for  detecting  corneal  inequalities. 
In  using  it  the  patient  is  placed  with  his  back  to  the  window  and  the 
observer  looks  through  the  small  hole  in  the  center  of  the  disc,  at  the 
same  time  reflecting  the  disc  image  on  the  cornea.  If  the  patient  looks 
in  various  directions  the  whole  surface  of  the  cornea  can  be  examined 
and  any  distortion  or  breaking  of  the  circles,  as  reflected  on  the  mirror- 
like surface  of  the  cornea,  will  show  an  irregularity.  See  Astigmometer, 
Vol.  I,  p.  660,  of  this  Encyclopedia. 

Gertz  {Mitteil.  aus  der  Augenklin.  des  Carolin.  lust,  zu  Stoc]{liohn, 
No.  11,  p.  1)  has  attempted  to  make  Placido's  disc  more  sensitive  and 
to  graduate  it  for  quantitative  examinations.  He  renders  the  distortion 
more  evident  by  using  oval  discs  instead  of  circles  and  by  having  the 
disc  revolve.  The  discs  are  furnished  with  white  elliptical  bands  in- 
stead of  the  circles,  and  attached  to  the  end  of  a  tube  provided  with  a 
magnifying  eye  piece.  A  graduated  arc  allows  the  degree  of  rotation 
of  the  disc  to  be  read  off.  The  inventor  states  that  it  is  possible  to 
attain  very  accurate  knowledge  of  the  form  of  the  cornea  with  this 
instrument,  which  is  cheaper  and  more  convenient  than  the  ophthal- 
mometer. 

Minute  abrasions  and  ulceivs,  if  suspected  of  being  present  and  yet 
not  determined,  may  be  found  by  dropping  on  the  eye  a  concentrated 
alkaline  solution  of  fluorescein  (Gruebler's  fluorescein,  2  per  cent; 
carbonate  of  soda.  'AS)  per  cent),  allowing  it  to  be  absorbed  for  several 
minutes  and  then  thorouglily  irrigating  the  cornea  with  a  boric  acid 
solution.  If  any  portion  of  tlie  cornea  is  deprived  of  its  epithelium, 
or  any  pai-t  of  the  corneal  epithelium  is  diseased,  it  will  be  found  to 
have  retained  a  yellowish-greenish  stain,  while  the  healthy  cpithrliuni 
remains  unaffected.  However,  there  is  one  exception  in  the  epithelium 
in  the  immediate  neighjjorhood  of  a  corneal  ulcer,  wliicli.  although 
apparently  not  involved  in  the  process,  will  also  take  the  stain  to  sonic 
extent. 

The  most  u.seful  of  all  examinations  of  the  cornea  is  that  can'ie(l 
on  nmler  ohlique  illumination.  By  it  we  ai-c  not  only  alile  to  ascertain 
to  ;i  certaint\-  the  condition  of  the  sui'lacc.  hnt  liy  focusinjr  oni'  point  of 


4602  EXAMINATION  OF  THE  EYE 

light  lower  and  lower  we  expose  layer  by  layer  all  parts  of  the  cornea 
as  well  as  the  anterior  chamber,  iris  and  lens.  This  procedure  should 
be  carried  on  in  a  darkened  room  with  a  very  clear,  bright,  artificial 
point  of  illumination.  The  room  should  have  dead  black  walls  and 
should  receive  no  illumination  except  that  cast  by  the  light  used  by 
the  surgeon.  The  light  which  is  now  most  popular  is  the  electric  lamp 
with  a  frosted  globe;  although  the  Argand  gas  burner  only  a  few  years 
ago  was  most  generally  used.  The  electric  lamp  is  now  made  with 
a  rheostat  conveniently  placed  on  the  bracket  so  that  the  operator 
can  easily  control  the  intensity  of  light. 

Hancock  has  devised  a  new  electric  globe  which  is  quite  an  im- 
provement over  the  usual  type  (see  illustration). 

In  making  examinations  with  the  aid  of  the  electric  bulb,  which  is 
in  general  use,  much  annoyance  is  caused  by  the  presence  of  the  image 
of  the  carbon  filament  projected  upon  the  part  examined,  as  this  in- 
terferes with  determining  exact  details.  To  do  away  with  this  con- 
fusion Hancock  has  made  the  transparent  window  of  the  bulb  lightly 
frosted.  Through  this  light  frosting  sufficient  light  passes  to  enable 
one  to  make  a  perfectly  satisfactory  examination,  with  the  image  of 
the  carbon  entirely  eliminated.  A  much  more  effective  concentration 
of  light  may  be  obtained  by  covering  all  but  the  lightly  frosted  window 
of  the  bulb  with  some  dark  material,  such  as  a  bronze  or  black  com- 
position. 

The  Woolf  condenser  (see  cut),  owing  to  its  unique  construction, 
eliminates  shadows  and  reflections  of  the  lamp  filament  by  means  of 
a  sliding  focusing  bar  arrangement. 

The  condenser  can  be  easily  attached  to  any  electric  light  socket  or 
can  be  turned  to  one  side  without  detaching  when  the  non-frosted  or 
filament  part  of  the  lamp  is  desired  for  direct  illumination. 

A  patented  shield  is  also  provided  which  clamps  on  the  reflector  to 
eliminate  side  illumination. 

The  Phillips  electric  condenser  makes  use  of  the  Tungsten  globes 
and  is  mounted  on  a  weighted  base  allowing  complete  condenser  to 
stand  alone.  With  the  lamp  furnished,  which  has  special  spot  fila- 
ment, the  outside  is  arranged  so  as  to  give  four  different  degrees  of 
illumination  by  simply  turning  the  lens  holder  to  the  desired  place. 

The  bracket  which  carries  the  light  should  swing  freely  and  allow 
the  lamp  to  be  quickly  placed  in  any  position.  The  "University 
Illuminatin,g  Fixture"  (see  cut)  is  designed  to  supply  a  light-carrying 
arm,  which  can  be  easily  adjusted  within  a  wide  range  and  which 
will  remain  in  any  position  without  fastening. 

It  consists  of  a  vertical  rod,  which  is  fastened  to  the  wall  by  means 
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The  Modified  Electric  Bulb  of  Hancock. 


Tlie    Wciolf   Coiidpuser. 


Adjustable  Lainji  Bracket  witli   BdMi  (!as  ami    Klcctiic    Illuiiiinatioii. 
Vol.  vi— 39 
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of  two  offsets  and  a  light-carrying  arm  which  is  connected  to  it  by 
means  of  a  special  double  slide  carrier. 

This  double  carrier  consists  of  two  short  sections  of  square  rod,  each 
of  which  has  been  drilled  longitudinally,  and  these  are  fastened  to- 


University  llluiiihiating'  Fixtiin 


gether  by  means  of  a  pin,  which  permits  free  movement,  except  that 
on  one  of  these  blocks,  a  stop,  or  pin,  is  mounted  to  limit  this  movement. 
The  vertical  rod  passes  through  one  member  of  this  double  carrier 
device  and  the  light-carrying  arm  through  the  other,  permitting  the 
device  to  be  raised  or  lowered  on  the  vertical  arm,  and  the  light- 
carrying  arm  to  be  moved  in  or  out,  remaining  at  any  height  within  its 
range  of  movement  securely  without  fastening. 
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To  adjust  the  arm  for  height,  it  is  only  necessary  to  raise  the  light- 
carrying  arm  sufficiently  to  take  the  weight  off  the  pin.  When  the 
proper  height  has  been  reached,  it  is  merely  necessary  to  allow  the  arm 
to  drop  back — it  is  maintained  in  position  by  its  own  weight. 


Woolf  Telescopiiiy-  0]ihthnlniii»  Lamp  Bracket. 


Priestley  .Smith  's  CondoiisiM'. 
(For  examination   of  the  external   jiarts  of   tiie  eye.) 

Tile  AVoolf  telescoping  lamp  bi-ackct  (sei;  illustration)  is  particulnrly 
adapted  for  eye  work,  where  an  adjustable  but  secure  liiilit  is  dcsiivd. 
It  is  14  inches  long,  aiul  can  bo  extended  to  24  iiielies. 

Hy  means  of  a  d()ui)le  joint  and  tliunib  sci'ew.  il  can  be  (piickly 
fastened  ;ind  securely  tigli1ene(i  in  any  desii-ed  angle  or  position. 
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Fowler-Mueller   Condenser. 
(Much  the  same  as  Priestley  Smith's  instrument  except  it  uses  electricity  instead 

of  a  candle.) 


The  Electric  Hand  Lamp  for  External  Examination  of  the  Eye  as  Used  at 

' '  Moorfields. ' ' 


Portable  Nernst  Medico  Lamp  for  Direct  Illumination. 
(It  gives  a  very  clear  and  steady  white  light.) 
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In  hospital  work  or  large  clinics  where  it  is  impractical  to  take  each 
patient  to  the  dark  room,  Junul  lamps  are  used,  being  either  held  by 
the  surgeon  himself  or  his  assistant.  These  hand  lamps  are  fitted  with 
condensers  built  in  as  a  part  of  the  instrument  so  that  it  is  only  neces- 
sary to  use  one  lens  when  making  an  examination ;  the  one  lens  being 
that  one  through  which  the  eye  is  observed.  One  of  the  earliest 
designs  of  portable  lamps  with  condenser  is  that  of  Priestley  Smith  (see 
cut).     The  source  of  illumination  is  an  ordinary  candle  which  is  so 


Nernst    Lamp    K(|iii|i]ioil    with    Stationary    Base. 

held  by  a  spring,  that  the  flame  is  always  in  the  i)roper  position  Ix-hind 
the  lens.  A  more  modern  tlesign  of  the  Priestley  Smitli  lamp  is  the 
electrically  lighted  Fowler-Mueller  model  (see  cut).  The  Nenist  lamp 
for  the  ol)liqU('  illuiniiiation  is  now  used  and  gives  a.  very  hi'iglil  and 
clear  illumination.     The  portable  hand  model  i.s  shown  in  cut. 

A  very  compact  and  handy  portable  light  is  the  "Ideal  Fountain 
Light"  (see  illustration),  which  is  made  in  the  shape  and  style  of  an 
ordinary  fountain  pen.  A  Tungsten  bulb  is  mounted  in  one  end  and 
the  l)attery  is  in  the  handle.  The  liglit  nuiy  be  carried  in  the  vest 
pocket  the  same  as  a  founlain  pen. 
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'lean  Staelil  {Beitr-'dgc  fur  AugeuJicilkiuidf,  December,  1912)  states 
tliat  he  finds  oblique  illumination  with  the  Nemst  light  yields  much 
better  results  than  with  the  ordinary  light.  Very  minute  lesions  on 
the  cornea  and  iris  can  be  recognized  by  the  aid  of  a  binocular  loupe 
with  this  light.  Since  using  it  he  has  observed  that  which  had  not 
previously  attracted  attention,  an  appearance  of  droplets  on  the 
posterior  surface  of  the  cornea  associated  with  iritis;  or,  when  iritis 
was  not  present,  disappearing  under  the  use  of  atropin.  By  this  im- 
proved illumination  he  is  also  able  to  recognize  the  most  minute  irido- 
dialysis,  or  other  marks  of  injury  to  the  iris,  including  lesions  of  the 
posterior  layer,  such  as  appear  by  transillumination.  He  has  also 
seen  minute  defects  of  the  corneal  epithelium  in  eases  of  catarrhal  con- 
junctivitis ;  and  has  found  recognizable  remains  of  persistent  pupillary 
membrane  in  a  much  larger  proportion  of  cases  than  had  heretofore 
been  recognized. 


§  |isilii?iiif< 

ro  ^' 


The  Ideal  Fountain   Light. 


By  means  of  a  strong  convex  lens  of  a  two  or  three-inch  focus,  light 
is  concentrated  on  the  eye  in  such  a  manner  that  the  apex  of  the  cone 
of  light  corresponds  to  the  part  to  be  examined.  The  source  of  illumi- 
nation should  be  about  eighteen  inches  to  the  side  of  the  patient,  several 
inches  in  advance,  and  on  a  level  with  the  eye.  The  lens  is  held  bj^ 
its  margin  between  the  thumb  and  index  finger,  so  that  its  surfaces 
are  at  right  angles  to  the  direction  from  which  the  light  proceeds,  and 
steadied  by  means  of  the  little  finger  placed  against  the  side  of  the 
patient's  face. 

Powell  has  lately  designed  a  new  adjustahle  condensing  lens  which 
greatly  facilitates  this  method  of  examination.  The  instrument  (see 
cut),  consists  of  a  band  to  fit  over  the  second  or  third  finger  of  the 
left  hand  with  an  adjustable  arm — made  with  double  joints  to  permit 
of  movements  being  made  in  any  direction.  To  this  arm  is  attached 
the  lens — of  13  D.  or  16  D.  focus — so  arranged  that  the  light  can  easily 
be  refracted  into  the  eye,  leaving  the  first  finger  and  thumb  free  to  hold 
the  eyelids  open,  and  the  right  hand  perfectly  free  to  work  with. 

After  having  examined  one  eye,  without  moving  the  supporting 
finger,  we  turn  the  patient 's  head  slightly  toward  the  light  and  illumi- 
nate the  other  eye.  The  light  may  be  placed  on  either  side ;  if  on  the 
patient 's  right,  we  use  the  left  hand  for  holding  the  lens ;  if  on  the 
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left,  use  the  right  hand.  To  examine  deeper  than  the  surface  of  the 
cornea,  the  lens  is  brought  nearer  the  eye,  so  that  the  apex  of  the  cone 
of  light  corresponds  to  the  deeper  structures  which  one  wishes  to 
explore.     At  the  same  time  he  is  manipulating  the  illuminating  lens 


Powell's    Adiiist:il)l('    Coiuloiisiiio-    Lens. 


Method  of  Using  Powell's  Adju.staMe  Coiideiisiiifr  Lous. 


witli  oiic  liaud  the  examiner  is  lioldiiig  tlic  seeing  lens  in  the  other. 
This  lens  shonhl  he  ol'  the  same  focal  distance  as  the  first  and  is  held 
between  tlie  thumb  and  forefinger. 

Several  ol"  the  r-oinmonfr  types  of  condensing  lenses  are  described 
and  illustratcil  in  \'(il.  I\'.  page  12771.  of  this  Hncjiilojx  diit .  lUKh'i-  the 
lieading  Condensing  Lens. 
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The  corneal  loupe  is  a  lens,  proi:)erly  mounted,  by  which  the  cornea 
is  strongly  magnified,  and  which  should  l)e  used  with  oblique  illumi- 
nation. These  instruments  were  formerly  made  to  be  used  by  only 
one  eye,  but  we  now  have  many  models  of  binocular  magnifiers  which 
are  very  efficient.  The  binocular  apparatus  possesses  the  great  ad- 
vantage of  giving  us  our  sense  of  perspective.  The  one  designed  by 
Berger,  of  Paris,  is  optically  correct  and  very  comfortable.  It  is  made 
so  that  if  desired  it  may  be  attached  to  an  electric  head  light,  as  shown 
on  p.  3304,  Vol.  V  of  this  Encyclopedia. 


Berger 's   Binocular    Loupe   Attached    to    Electric    Head    Light. 


The  Beebe  binocular  loupe  consists  of  a  strong  straight  temple  open 
cell  spectacle  frame,  to  which  are  mounted  cells  for  holding  sphero- 
prismatic lenses.  Each  of  the  cells  carrying  the  lenses  is  attached  to 
one  end  of  a  steel  spring,  the  other  end  of  the  spring  being  attached 
to  the  inner  edge  of  the  spectacle  eyewire.  The  cells  are  connected  by 
a  bar  having  a  knurled  thumb-piece  in  its  center.  The  ends  of  the 
bar  have  a  right  and  left  hand  thread  and  run  through  threaded  tubes 
on  the  lower  edges  of  the  cells.  By  means  of  this  bar  thus  threaded  the 
lenses  may  be  separated  or  approximated,  as  desired,  for  the  purpose 
of  producing  binocular  vision.  The  bar  also  holds  the  lenses  in  perfect 
alignment. 
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The  cells  are  mounted  at  an  angle  so  that  the  line  of  vision  is  at 
right  angles  to  the  plane  of  the  lenses,  which  are  +  7.50  3  5°  prisms, 
base  in. 

Among  the  advantages  claimed  by  this  instrument  are  the  fol- 
lowing :    Great  magnifying  power  with  a  large  and  perfectly  tiat  field 


C^^ 


Zeiss  Binocular  Magnifiers. 


Bee])e  Binocular  T>iMi])( 


— there  being  no  distortion.  Absolute  and  comfortable  binocular  vision. 
Great  working  distance  between  lenses  and  object  viewed.  No  ob- 
struction to  the  view  of  surrounding  objects.  May  be  used  in  con- 
nection with  a  reflecting  mirror  or  otlier  illuminating  apparatus.  May 
be  worn  over  spectacles  or  eyeglasses:  or  correcting  lenses  may  be 
inserted  in  the  open  cells  of  the  instrnincnt. 
The  spli('r()-])risins  arc   ;nljnst;ililc    lioi'iznntally    foi-   tlir   pui'posc   of 
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obtaining  comfortable  binocular  vision — regardless  of  accommodation 
or  convergence. 

The  Zeiss  binocular  telescopic  magnifier  is  also  shown  and  is  a  thor- 
oughly satisfactory  instrument.  It  is  a  combination  of  simple  magni- 
fiers with  a  prism  telescope.  Such  a  combination  furnishes  magnifying 
powers  ranging  from  2  to  30  diameters,  whilst  the  instrument  can  be 
held  a  very  considerable  distance  away  from  the  object.  This  is  a 
quality  which  greatly  enhances  its  utility  in  the  hands  of  medical  men 


Zeiss    Electrically    Lighted    Binocular    Telescopic    Magnifier    Attached    to    Head 

Band. 


and,  in  fact,  all  observers  to  whom  a  long  working  distance  is  an  im- 
portant consideration. 

For  the  finer  and  more  thorough  examination  of  the  cornea  some 
means  of  higher  magnification  must  be  employed.  The  most  perfect 
method  is  the  use  of  a  regular  corneal  microscope.  Czapski's  binocular 
instrument  is  one  of  the  latest  and  most  complete.  See  Vol.  V,  p.  3390, 
of  this  Encyclopedia.  The  binocular  vision  in  it  is  obtained  not  by 
a  division  of  light  passing  through  a  single  objective,  but  by  a  com- 
bination of  two  microscopes,  each  complete  in  itself.  Each  of  the 
component  microscopes  consists  of  objective  and  eye-piece  in  combina- 
tion with  a  Porro  prism. 
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The  use  of  the  Porro  prism  permits  of  a  mut'li  shorter  tube  length 
and  secures  a  larger  field  than  would  be  possible  otherwise,  except  by 
a  much  more  bulky  and  inconvenient  design. 

Pupillary  distances  between  56-76  mm.    (214  to  8  inches)   may  be 


Largest   Size   Zeiss    Electrically   Lighted    Telescopic    Magnifier. 

obtained  by  means  of  the  eccentric  movement  imparted  to  the  eye- 
pieces by  rotating  the  casings  of  the  Porro  prisms  to  which  they  are 
attached. 

The  pairs  of  objectives  are  mounted  <m  slides  and  the  mounting  of 
one  of  the  lenses  is  provided  with  a  screw  llnvad   to  facilitate  the 
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securing  of  an  equally  sharp  foeus  with  l)oth  lenses  where  inequalities 
in  the  power  of  vision  of  two  eyes  require  compensation. 

The  double  tube  with  its  illuminator  is  carried  on  an  upright  column, 
and  by  means  of  a  double  joint  nuiy  be  rotated  vertically  or  horizon- 
tally and  clamped  in  any  position.  A  rack  and  pinion  movement 
serves  to  raise  or  lower, the  instrument  and  a  second  similar  movement 
is  provided  for  focusing.  The  instrument  rests  on  a  substantial  metal 
tripod. 

The  lighting  attachment,  which  is  independently  adjustable,  con- 
sists of  a  small  6-volt  lamp  mounted  in  a  tube  with  a  reflector. 

The  base  and  head-rest  are  provided  with  a  movable  bed-plate  on 
which  the  tripod  of  the  microscope  rests.  This  plate,  and  with  it  the 
stand,  is  moved  forward  and  backward  directly  by  hand  and  from 
side  to  side  by  a  milled  head,  whicli  operates  a  rack  and  pinion  move- 
ment. 

H.  S.  Gradle  has  devised  an  attacJiaUc  corneal  microscope  to  he 
used  on  an  oplitlialniometcr.    See  Vol.  V,  p.  3889,  of  this  Encyclopedia. 

An  ophthalmometer  consists  of  an  ocular,  and  objective  and  an  in- 
tervening birefringent  prism.  By  removing  the  prisms  we  have  left  a 
tube  containing  an  ocular  and  an  objective — in  other  words,  a  micro- 
scope. To  accomplish  this  the  truncated  corneal  tube  of  a  Hardy 
ophthalmometer  was  removed  from  the  anterior  part  of  the  ophthal- 
mometer and  there  was  substituted  another  similar  tube,  but  containing 
only  the  objective  lens.  This  gives  a  microscope  with  a  magnifying 
power  of  from  six  to  eight  diameters.  The  illumination  is  accom- 
plished by  the  addition  of  an  arc  to  the  anterior  end  of  the  microscope 
tube.  This  arc  bears  a  simple  eight  candle  power  electric  globe.  The 
rays  are  condensed  upon  the  eye  by  a  focusing  lens  in  the  end  of  the 
light  tube. 

A  very  complete  and  elegant  corneal  microscope  is  the  instrument 
of  Zeiss.  It  is  of  the  binocular  type  and  has  a  very  neat  and  practical 
head-rest  for  the  patient. 

Among  the  types  of  simpler  corneal  microscopes  is  KoUer's  corneal 
loupe  (see  Vol.  V,  page  3387,  of  this  Encyclopedia).  The  ad- 
vantage of  combining  condenser  and  magnifying  glass  in  proper  rela- 
tive positions  is  obvious,  for  whatever  object  is  then  brought  into  the 
focus  of  the  magnifying  glass  it  receives  its  proper  illumination  from 
the  condenser.  In  this  instrument  a  1-ineh  lens  has  been  used,  at  one 
side  of  which  a  parabolic  reflector  is  attached,  so  that  its  axis  passes 
through  the  focus  of  the  lens,  intersecting  the  optical  axis  at  an  angle 
of  80  degrees — a  small  incandescent  lamp  in  the  focus  of  the  paraboloid 
acts  as  source  of  light.    The  illumination  is  to  come  from  the  temporal 
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side,  and,  therefore,  is  made  reversible  for  use  on  either  eye.  The 
enlargement  obtained  is  12-14,  compared  with  ordinary  reading  dis- 
tance ;  the  field  of  vision  is  very  large ;  the  handling  of  the  instrument 
perfectly  simple. 

Luedde  {Arch,  of  Oplith.,  XL,  p.  373)  thinks  the  corneal  micro- 
scope would  be  more  useful  if  better  illumination  were  provided.  To 
effect  this  he  has  used  a  6-volt  Tungsten  lamp,  attached  by  a  ball-and- 
socket  joint  to  an  extensile  arm.  With  this  it  becomes  possible  to 
use  the  higher  powers  of  the  instrument,  36  to  65  diameters,  with  ad- 
vantage. He  also  finds  the  adjustment  much  assisted  by  placing  it  on 
plate  glass,  where  it  can  slide  freely  in  any  direction.  These  im- 
provements make  it  practical  to  study  clinically  the  circulation  in 
the  conjunctiva  and  limbus.  Magnified  65  diameters  the  blood- 
corpuscles  have  a  perceptible  disk,  and  their  movements  in  the  smallest 
vessels,  with  irregularities  of  caliber,  become  significant  of  changes  in 
blood-pressure,  and  early  arterio-sclerosis. 

To  secure  oblique  illumination  of  the  cornea  Emanuel  {Klin.  Mon.  f. 
Augenh.,  September,  1912,  p.  359)  has  resorted  to  a  concave  mirror 
50  mm.  in  diameter  and  80  mm.  focal  distance  attached  to  a  head- 
band by  a  universal  joint,  which  allows  its  adjustment  to  focus  the 
light  on  the  point  desired,  leaving  both  the  surgeon 's  hands  free. 

The  anterior  chamber  should  be  examined  as  to  its  depth,  the  clear- 
ness of  its  contents,  and  the  possible  presence  of  a  foreign  body  or  an 
exudation.  The  depth  is  observed  by  noting  the  relationship  of  the 
iris  to  the  posterior  surface  of  the  cornea.  If  the  chamber  be  shallow 
and  the  iris  is  bulging  forward,  this  fact  is  often  best  seen  by  looking 
at-the  eye-ball  from  the  side.  Normally  the  anterior  chamber  is  shal- 
lower in  infants  and  in  the  aged  than  in  middle  life. 

An  instrument  for  accurately  measuring  the  depth  of  the  anterior 
chamber  has  been  described  by  Hegg  {Arch,  of  Ophth.,  September, 
1907,  p.  710).  It  compares  the  position  of  the  edge  of  the  pupil  with 
that  of  a  virtual  image  formed  by  reflection  from  the  cornea,  the  posi- 
tion of  the  latter  being  known  by  measuring  the  coi'neal  cadius  of 
curvature. 

In  a  healthy  state  the  jkiucous  Ininior  is  absolutely  transparent  and 
therefore  not  seen  at  all.  In  disease,  however,  it  may  be  mixed  with 
pus,  blood  or  lymph,  when  it  becomes  opaque.  Fluids  in  the  anterior 
chamber  gravitate  according  to  the  position  of  the  patient. 

After  completing  a  thorough  inspection  of  the  cornea  and  anterior 
(chamber,  the  surgeon  should  begin  his  examination  of  the  iris.  The 
color  of  irides  is  found  to  vary  greatly.  Blue  and  gray  are  the  pre- 
dominating hues  in  nortliei'ii  countries;  brown  is  found   next  in  fre- 
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queney;  while  the  various  mixtures  produee  yellow  and  green  shades. 
Absolutely  black  irides  are  never  encountered ;  but  dark  irides,  taking 
into  account  the  whole  population  of  the  world,  are  of  the  most  frequent 
occurrence.  The  color  of  the  iris  of  all  new-born  children  is  a  light 
grayish-blue  (de  Schweinitz).  It  is  only  as  the  pigment  later  be- 
comes formed  and  deposited,  that  the  iris  assumes  its  permanent  color. 
The  location  and  amount  of  pigment  decides  the  shade  of  the  iris.  If 
the  pigment  is  deposited  more  freel}^  in  the  posterior  layer  than  in  the 
stroma,  the  blue  iris  is  evident.  If,  however,  the  stroma  receives  the 
major  amount  of  pigment  the  iris  is  brown  or  dark-brown.  Piebald 
irides  are  often  seen  and  are  due  to  an  irregular  deposit  of  pigment, 
sometimes  appearing  as  one  triangular  patch  or  several  irregular  spots 
of  dark  color.  This  condition  is  sometimes  temporary.  Some  of  the 
very  small,  dark  segments  in  piebald  irides  much  resemble  foreign 
bodies  and  have  even  been  diagnosed  as  such  by  competent  surgeons. 

Discoloration  is  an  important  indication  in  disease  of  the  iris  and 
should  always  be  carefully  looked  for.  If  one  iris  presents  a  more 
greenish  hue  than  its  fellow,  it  may  be  taken  as  a  sign  of  beginning 
iritis  or  cyclitis.  It  is  to  be  remembered,  however,  that  in  health  we 
occasionally  find  two  irides  in  the  same  individual,  of  an  entirely  differ- 
ent color.  If  tremulousness  of  the  iris  can  be  elicited  by  having  the 
patient  move  the  eye  rapidly  about,  it  indicates  a  lack  of  support  and 
is  found  when  the  zonula  is  relaxed  or  the  lens  absent,  dislocated  or 
shrunken. 

The  pupil  next  commands  attention  and  in  it  is  found  a  part  of  the 
eye  the  examination  of  w^hich  is  most  important.  The  size  is  first  noted 
and  this  varies  greatly  even  in  health.  Exposure  to  light  or  darkness 
causes  variations  in  its  size  as  well  as  the  performance  of  the  acts  of 
accommodation  and  convergence.  Also  its  width  depends  on  the  quan- 
tity of  blood  in  the  vessels  of  the  iris,  the  elasticity  of  the  iris-tissue, 
and  certain  mechanical  conditions.  According  to  Schwarz,  the  normal 
pupil  may  undergo  fluctuations  in  diameter  amounting  to  0.3  mm., 
even  when  the  chief  factors  are  practically  constant.  In  general,  the 
pupil  is  smaller  in  eyes  with  a  hyperopic  refraction,  in  old  age  and 
in  the  new-born ;  while  in  myopic  eyes  and  in  the  eyes  of  youth  they 
are  found  larger.  Men  usually  have  narrower  pupils  than  women.  In 
absolutely  normal  eyes,  with  the  accommodation  at  rest,  the  pupil 
varies  in  daylight  from  2.44  to  5.82  mm.,  the  average  diameter  being 
4.14  mm.  (Woinow).  The  position  of  the  pupil  is  a  little  to  the  nasal 
side  of  the  center  of  the  cornea. 

The  pupils  of  both  eyes  in  health  should  be  the  same  size  when  ex- 
posed to  the  same  degree  of  illumination.     In  very  rare  instances  this 
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is  not  true,  for  slight  inequality  has  been  seen  in  healthy  pereons, 
and  may  be  a  congenital  condition. 

In  addition  to  the  factors  already  mentioned  which  influence  the 
size  of  the  pupil,  the  adaptation  of  the  retina  to  light  must  be  taken 
into  account,  as  Schirmer  has  shown.  The  pupil  is  allowed  to  "adapt*' 
for  three  minutes,  as  the  eye  is  exposed  to  clear  daylight  coming 
through  a  large  window  one  metre  distant.  Under  such  conditions  >x 
difference  in  width  of  0.25  mm.  has  been  determined.  For  the  physio- 
logical size  of  the  pupil  thus  obtained  Schwarz  prefers  the  term 
"adapted  width  of  the  pupil."  With  the  patient  in  the  above  posi- 
tion, and  after  waiting  the  three  minutes,  the  exact  measurement  may 
be  fairly  well  made  by  holding  a  ruler  before  the  eye  and  noting  the 
number  of  millimeter  spaces  the  pupil  occupies.  The  chief  objection 
to  this  metliod  is  that  the  distance  subtended  on  the  rule  is  less  than 
the  diameter  of  the  pupil,  in  proportion  as  the  distance  from  the 
observer's  eye  is  less  to  the  rule  than  to  the  pupil  (Jackson). 

]\Iany  instruments  known  as  pupilometers  have  been  invented 
for  accurate  measurement  of  the  pupil's  size.  The  simplest  design 
is  made  of  a  small,  round  sheet  of  black  metal,  with  holes  of  different 
sizes  punched  in  it.  The  instrument  is  held  close  to  the  eye  and 
rotated  until  the  hole  is  found  which  matches  the  pupil  in  size.  Priest- 
ley Smith's  keratometer  (which  is  described  later  in  tliis  section,  under 
perimetry)  may  be  also  used  for  this  purpose.  Haab  has  constructed 
a  practical  pupilometer.  which  consists  of  a  number  of  black  discs, 
varying  from  1.5  to  8  mm.  in  diameter,  arranged  in  a  perpendicular 
row,  with  which  the  pupil  is  compared. 

IMaddox  (Ophthalmoscope,  June,  1907)  has  suggested  a  simple  in- 
strument for  compai'iiig  the  diameter  of  the  two  pupils  which  can  also 
be  used  for  measuring  the  distance  between  them.  Tliis  consists 
es.seiitialh'-  of  two  mirrors  parallel  to  each  other,  ami  perpendicular 
to  tlic  surface  oF  a  slide  rule,  to  which  they  are  fastened  ;  but  crossing 
the  rnlc  a1  an  angle  of  45  degrees,  as  sliown  in  tlie  figure.  In  using 
this  insti'uiiK'nt  it  is  held  in  front  of  the  eyes,  as  shown.  A,  representing 
the  rigiit  ;  l>,  the  left  eye  of  the  ])a1ient,  and  (',  the  observing  eye  of 
the  surgeon.  A,  has  the  lowei-  hall'  of  its  ifis  reflected  from  the  first 
min-or  at  m,  and  again  reflected  from  n,  whei-e  the  surgeon  sees  it  in 
close  apposition  with  tlie  upper  half  of  the  left  eye  B.  Tlie  slide  is 
pushed  out  or  in  until  the  two  halves  exactly  correspond.  In  this 
})Osition  the  size  of  the  two  pupils  may  be  accurately  compared;  while 
the  distance  between  the  mirrors,  i-cad  f)-((ni  the  scale,  is  e(|ual  to  the 
distance  between  the  two  pupils,  l-'oi-  accuracy  the  scale  must  be 
held  parallel  to  the  plane  of  the  pupils.     This  is  insured   by  a  mark 
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on  each  mirror,  seen  at  n ;  the  rule  being  in  the  proper  position  when 
the  two  marks  appear  superimposed. 

This  instrument  of  Maddox  gives  dependable  results  irrespective  of 
the  distance  it  is  held  in  front  of  the  patient's  face. 

Le  Plat  (Ann.  d'Oculist.,  September,  p.  201)  has  devised  an  in- 
strument, somewhat  similar,  with  an  arm  intended  to  keep  the  sur- 
geon's face  at  a  fixed  distance  from  that  of  the  patient,  and  thus 
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Maddox 's  Instruineut  for  Measiuing-  the  IiitiaoLiilar  Distance  and  Comparing  the 

Two   Pupils. 


I  "II  In  ill  I  I 


Maddox 's    Instrument    for    Measuring-   the    Tntraocuhu'    Distance    and    Comparing 

the  Two  Pupils. 

(A  and  B  represent  eyes  of  the  patient  and  C  the  eye  of  the  observer.  The 
broken  lines  indicate  the  path  of  the  rays  coming  from  A,  reflected  at  m  and  n, 
and  coming  from  B  direct  to  C.) 


secure  accuracy.  It  has  scales  indicating  the  distance  between  the 
pupils  when  the  visual  axes  are  parallel,  and  also  M'hen  they  are  con- 
verged to  a  distance  of  one-third  of  a  meter. 

To  measure  the  diameter  of  the  pupil  Contino  (Ophth.  Year-Bool- , 
Vol.  IX,  p.  23)  uses  a  horizontal  microscope,  placed  in  a  plane  parallel 
with  the  patient's  face.  To  avoid  shadows  on  the  eye,  the  image  of 
the  pupil  is  reflected  into  the  microscope  by  an  ordinary  cover  glass, 
inclined  at  45  degrees,  or  a  reflecting  prism.  The  measurements  are 
accurate  to  a  tenth  of  a  millimeter.     A  mathematical  demonstration 
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of  the  relation  between  the  real  and  apparent  size  of  the  pupil  shows 
it  to  be  1  to  1.117,  when  the  radius  of  corneal  curvature  is  7.8  ram. 

A  simple  clinical  method  of  measuring  the  diameter  of  the  pupil 
(first  employed  by  A.  Fick)  has  been  described  by  T.  A.  Williams 
{Med.  Record,  December  24,  1910)  and  depends  upon  the  principle 
that  a  small  aperture  in  a  card  placed  a  short  distance  from  the  eye 
appears  as  a  circle,  the  diameter  of  which  equals  that  of  the  pupil.  If 
two  holes  are  used  it  is  evident  that  if  the  circumferences  of  the  two 
circles  appear  exactly  to  touch,  the  distance  between  the  apparent 
centers  will  equal  the  diameter  of  either,  as  it  consists  of  half  the 
diameter  of  each.  That  is  to  say,  it  will  equal  the  diameter  of  the 
pupil.  Now,  it  is  found  experimentally  that  when  the  two  holes  are 
separated  by  a  distance  equal  to  the  diameter  of  the  pupil,  the 
apparent  images  just  touch.  So  that  it  is  very  easy  to  measure  the 
pupil  by  placing  before  the  eye  a  series  of  holes  at  varying  distances 
from  one  another. 

Accordingly  a  scale  is  constructed  consisting  of  perforations  in  a 
card  placed  apart  respectively  one,  two,  three,  four,  five,  six,  seven  and 
eight  millimeters.  The  diameter  of  the  patient's  pupil  is  then  easily 
ascertained  by  the  distance  between  the  two  holes  of  which  the  appar- 
ent images  most  nearly  touch  when  he  looks  through  them  at  a  distant 
object. 

A  very  clever  pupilometer  has  been  invented  by  De  Surel  {Rev. 
Gen.  d'Ophth.,  July,  1905)  which  he  calls  the  " correscope. "  See  Vol. 
V,  p.  3539,  of  this  Encyclopedia.  The  instrument  consists  essentially  of 
two  diverging  threads,  so  placed  in  a  frame  as  to  allow  them  to  be 
held  in  front  of  the  eye.  When  the  instrument  is  in  position  it  is 
moved  up  or  down,  until  these  threads  are  just  tangent  to  the  two  sides 
of  the  pupil.  The  point  on  the  scale  opposite  to  the  centre  of  the  pupil 
gives  the  pupil  diameter. 

A  binocular  pupilometer  has  been  described  by  Ohm  {Centrabl.  f. 
prakt.,  ]May,  1907).  In  it  the  image  of  a  light  line  is  superimposed 
upon  the  image  of  each  pupil;  and  the  images  of  the  two  pupils  are 
brought  together  by  a  series  of  reflecting  prisms.  The  length  of  the 
light  line  is  accurately  adjusted  to  the  diameter  of  the  pupil  by  a 
lever,  which,  passing  over  a  scale,  indicates  the  pnpil  diameter  with 
great  exactness. 

Bordier  and  XoL^icr  (A'r'r.  (ioi.  d'Opht.,  December,  1907)  have 
devised  an  instrument  for  measuring  the  diameter  of  the  pupil  sub- 
jectively, by  the  contact  of  diffusion  images  furnished  by  two  parallel 
polished  needles  reflecting  a  briglit  source  of  light. 

The  observance  of  tlic  niohilihj  of  the  iris  undfi-  different  stimuli, 
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usually  called  pupil-reflexes  or  pupil-reactions,  should  be  carefully 
noted.  Ball  has  very  clearly  classified  the  normal  pupillary-reflexes. 
He  says  that  the  contraction  reflexes  are:  (1)  the  direct  light  reflex; 
(2)  the  consensual  light  reflex;  (3)  the  convergence  reflex;  (4)  the 
cerebral  cortex  reflex,  and  (5)  the  lid-closure  reflex.  The  dilatation 
reflexes  are:  (1)  the  direct  "shade"  reflex;  (2)  the  consensual 
" shade "  reflex ;  (3)  the  relaxed  accommodation  reflex ;  (4)  the  sensory 
reflex,  and  (5)  the  psychic  reflex.  Ball  has  also  described  very  clearly 
the  methods  for  eliciting  each  of  the  above  reflexes. 

Direct  liglit  reflex. — The  patient  is  placed  in  front  of  a  window 
facing  the  light.  He  is  told  to  look  at  a  distance.  The  examiner  covers 
both  eyes  for  a  moment ;  on  uncovering,  the  pupils  should  be  found 
larger,  but  should  immediately  contract.  Again  both  eyes  are  covered, 
and  after  a  moment  the  right  is  uncovered,  and  the  pupil  contracts. 

Consensual  light  reflex. — The  procedure  just  described  is  carried 
out  and  after  uncovering  the  right  eye,  the  left  is  also  uncovered. 
It  is  found  that  the  right  pupil  becomes  still  smaller  than  it  was 
before,  while  the  left  pupil  is  also  contracting. 

Convergence  'reflex. — The  patient  is  told  to  focus  on  a  distant  object. 
A  pencil  is  held  six  inches  from  his  nose,  and  he  is  told  to  look  at  it 
quickly;  the  pupils  contract.  (This  test  is  often  called  the  "accommo- 
dation and  convergence  reaction,"  but  it  is  more  closely  connected 
with  convergence  than  with  accommodation. 

Cerebral  cortex  reflex. — This  reaction  was  first  described  by  Haab, 
who  speaks  of  it  as  follows: 

' '  If  in  a  room  illuminated  only  by  a  lamp  or  candle  flame,  the  light  is 
placed  so  that  it  will  shine  laterally  into  a  person 's  eyes  while  he  looks 
directly  forward  into  the  darkness,  a  marked  contraction  of  both 
pupils  takes  place  whenever  the  attention  is  directed  toward  the  light, 
with  no  change  in  the  position  of  the  eyes.  As. long  as  the  attention  is 
directed  to  the  light  and  fixation  of  the  eyes  on  the  dark  wall  is  main- 
tained the  pupils  remain  contracted,  but  as  soon  as  the  attention  is 
transferred  to  the  point  of  fixation  they  dilate,  although  the  quantity 
of  light  entering  the  eye  has  remained  constant  and  all  movements 
of  accommodation  and  convergence  are  excluded." 

The  lid-closure  reflex  (palpebral  reflex  of  the  pupil;  Gifford's  reflex; 
Galassi's  reflex;  Westphal-Piltz  reaction)  was  discovered  by  von 
Graefe.  When  the  lids  are  forcibly  closed,  the  pupil  contracts.  Gif- 
ford  inserts  a  speculum  and  tells  the  patient  to  close  his  eyelids.  The 
pupil  then  contracts.  This  test  is  used  to  tell  whether  the  sphincter 
of  the  iris  is  paralyzed. 

The  reflexes  described  above  are  all  contraction  reflexes. 
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The  dilation  reflexes  are,  most  of  them,  produced  under  reduced 
illumiuation. 

Direct  shade  reflex. — The  eye  is  simply  protected  from  the  light  and 
the  pupil  dilates. 

Consensual  shade  reflex. — One  eye  is  covered,  protecting  it  from  the 
light,  and  the  pupil  of  the  other  eye  dilates. 

Relaxed  accommodation  reflex. — The  patient  is  made  to  look  at  some 
object  held  very  close  to  the  nose  (about  six  inches)  and  then  to  focus 
on  a  far  object.     As  the  accommodation  is  relaxed  the  pupils  dilate. 

The  sensory  reflex  (skin  reflex,  or  pain  reaction). — "Wlien  any  sen- 
sory nerve  is  stimulated — by  tickling  or  by  pinching  the  skin — both 
pupils  dilate. 

The  psychic  reflex. — This  is  seen  in  certain  mental  states,  such  as 
terror  or  anger. 

An  iris-inaction  has  been  described  by  Wernicke  which  is  of  great 
value  in  localizing  the  lesion  causing  hemianopsia.  The  test  is  ordi- 
narily made  in  the  following  manner : 

The  patient  is  seated  in  a  dark  room  with  the  source  of  light  from 
behind  him.  The  examiner  then  reflects  a  weak  light  from  a  plane 
mirror  onto  the  eye  under  examination.  At  the  same  time  with  the 
other  hand  he  reflects  a  strong  ray  of  light  from  a  concave  mirror, 
into  the  pupil,  from  various  directions;  care  being  taken  that  the  light 
falls  obliquely  and  is  not  diffused  over  the  entire  cornea.  If  when  the 
beam  of  light  is  thrown  on  either  the  blind  or  seeing  side  of  the  cornea, 
a  contraction  of  the  pupil  is  observed,  the  conclusion  is  that  the  lesion 
is  back  of  the  primary  optic  centers.  But  if  the  ray  of  light  causes 
no  contraction  when  thrown  on  the  blind  side,  but  does  cause  contrac- 
tion when  thrown  on  tlu;  seeing  side,  the  lesion  is  in  front  of  the* 
primary  optic  centers. 

While  the  above  method  of  observing  this  phenomenon  is  probably  the 
one  most  widely  used,  other  procedures  have  been  suggested. 

Ahlstrom  and  others  use  an  electric  light  encapsulated  except  for  a 
0.25  mm.  diameter  opening  which  gives  a  narrow  cone  of  liglit  to  be 
thrown  into  the  eye.  Friedlander  and  Kempner  use  a  lens  system  to 
focus  the  rays  at  4  cm.  distance  from  the  opening.  Similar  instru- 
ments have  appeared  in  this  country. 

Wolff  used  his  electric  ophthalmoscope  to  flasli  witli  corrt'etive  Imscs 
a  sharp  image  of  a  section  of  filament  onto  a  definite  part  of  the 
retina,  at  the  same  time  observing  the  pupillary  reaction.  TIcddaeus 
made  an  ingenious  but  apparently  not  very  popular  departure  in  using 
two  lights  of  equal  intensity  exposed  alternately  without  interval  at 
equal  distances  from  the  fixatioii-]ioiiif  and  fi-oni  the  eye. 
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Hess  introduced  the  methods  of  hemikinetic  illumination  of  the 
retina  and  of  concentric  illumination  about  the  macula,  both  of  which 
render  the  dispersion  light  reaching  the  macula  as  nearly  constant  as 
possible. 

Sachs,  unaware  of  Hess'  work,  at  the  same  time  was  using  a  modi- 
fication of  the  same  principle.  The  patient  observed  the  center  of  a 
large  bright  reflecting  white  mat  surface.  One  half,  then  the  other 
half,  was  ciuickly  covered  by  a  black  curtain  while  the  pupillary  reac- 
tion w^as  noted. 

The  AVilbrand  method,  described  by  A.  Saenger  {Ophthalmic  Record, 
Augvist,  1910)  is  best  carried  out  as  follows:  The  patient  is  requested 
to  fix  a  white  point  on  a  large  black  surface  and  direct  his  attention  to 
it.  In  this  way  all  other  impressions  on  the  retina  are  excluded.  The 
patient  takes  his  seat  at  a  distance  of  30  to  50  cm.,  immediately  in 
front  of  the  white  point.  Suddenly  two  prisms  of  equal  degree  are 
brought  before  both  eyes,  the  apices  being  turned  towards  the  hemi- 
anopic  defect.  In  this  manner  the  white  point  is  directed  toward 
that  side  of  the  retina  which  is  not  perceptive.  The  bases  of  the  prisms 
must  be  parallel. 

If  a  cortical  hemianopia  exists  the  patient  will  quickly  change  the 
direction  of  sight  and  move  the  eyes  until  the  fovea  is  directed  to  the 
object.  This  proves  that  there  exists  a  reflex  independent  of  the  cere- 
brum, and  on  the  opposite  side,  that  the  optical  route  between  the 
retina  and  corpus  geniculatum  laterale  is  free.  If  the  disease  is 
situated  in  the  tractus  opticus  the  eyes  make  no  movement  to  fix  the 
object,  but  remain  quiet. 

The  latest  and  most  complete  method  proposed  is  that  accomplished 
by  aid  of  the  apparatus  described  by  Walker.  {Jour.  Am.  Med.  Ass'n, 
Sept.  5,  1914.) 

A  diagram  of  the  necessary  light  control  is  shown  in  figure  1.  The 
lights,  AA',  are  new  60-watt  tungsten  filament  lamps  selected  from  a 
large  stock  as  nearly  equal  in  all  measurements  as  possible.  From  the 
wiring  scheme  it  will  be  seen  that  they  are  connected  in  parallel.  One 
side  of  each  is  directly  connected  to  one  side  of  the  house  current 
(110  volts).  The  other  side  of  each  lamp  is  likewise  connected  to  the 
other  side  of  the  house  current  but  must  first  travel  through  a  set  of 
resistances.  The  whole  current  first  passes  through  a  rheostat,  B, 
whereby  it  may  be  varied  in  five  steps  from  nothing  to  full  strength. 
From  the  rheostat,  the  current  then  passes  to  the  fixed  bar  of  the  slid- 
ing contact,  E.  This  sliding  contact,  together  with  similar  contacts 
D  and  F,  may  be  moved  laterally  in  contact  with  the  edge  of  a  slate 
slab  C  measuring  1  by  12  by  8  inches  and  wrapped  with  No.  26  B  (&  S 
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gage  (0.016  inch  diameter)  German  silver  wire,  the  interval  between 
the  turns  of  the  coil  being  about  0.2  cm.  This  size  of  wire  was  found 
by  experiment  to  have  the  necessary  resistance  to  regulate  the  indi- 
vidual lamps,  and  still  would  not  burn  out  under  the  contacts,  with 
ordinary  care.  From  the  contact  the  current  divides,  passing  through 
a  variable  amount  of  resistance  to  contacts  D  and  F,  and  theuce 
through  their  individual  fixed  bars,  and  on  to  their  respective  lamps. 
If  now  we  wish  to  decrease  the  intensity  of  the  light  A,  we  have  simply 
to  move  the  contact  D  farther  out  or  to  decrease  A'  move  the  contact 
F  farther  out.    If  now  with  either  of  these  contacts  at  any  distance  we 


Hemiopic    Pupillary    Apparatus    of   Walker. 

Fig.  1. — Diagram  showing  method  of  controlling  lighting  current  in  hemiopic 
pupillary  apparatus;  AA',  60-watt  tungsten  lamps;  B,  rheostat  controlling  house 
current;  G,  slate  slab  wound  with  German  silver  wire;  D,  E,  F,  sliding  con- 
tacts   controlling    current    supplied    to    each    lamj). 

wish  to  produce  further  change  in  the  relative  light  intensity,  wc  may 
simply  move  the  contact  E  between  the  two  contacts  D  and  F  until 
the  desired  point  is  reached  without  adding  extra  resistance  but  merely 
readjusting  that  already  in  use.  Thus,  if  necessary,  we  can  throw  the 
whole  or  any  part  of  the  resistance  on  the  slab  C  into  the  circuit  of 
either  light  or  divide  it  between  them  in  any  ratio.  For  purposes  of 
measurement,  the  slab  resistance  is  divided  into  ton  divisions  (points) 
each  way  from  the  center. 

These  two  lights  are  encased  end  to  end  in  the  diameter  of  a  heavy 
tin  drum  of  about  the  size  of  an  ordinary  snare  drum  (14  inches 
diameter  by  6  inches  depth).  Access  to  the  interior  is  allowed  by  two 
doors  ill  back.     The  iniitT  surface  of  the  di'niii  is  ciiainch'd  white,  and 
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has  two  movable  partition  wings  of  the  same  curvature  as  the  circum- 
ference so  that  when  not  in  use  they  can  be  made  to  lie  flat  against 
the  curvature  of  the  drum.  When  it  is  desired  to  prevent  one  light 
from  contributing  more  or  less  to  the  other,  these  wings  may  be  turned 
inward  to  a  corresponding  degree  or  may  be  moved  until  they  touch 
the  axle  for  maximum  effect.     Tliis  axle  in  the  center  of  the  drum  is 


Hemiopic   Pupillary   Apparatus   of   Walker. 

Fig.  2. — Plan  of  rotary  shutter,  assembled  in  C  from  segments  F,  G,  and 
B,  in  the  position  where  the  equal  areas  L  and  L'  are  cut  down  to  atout  one- 
half  full  size. 


hollow  and  acts  as  a  hub  posteriorly  to  receive  the  fixed  axle  on  which 
the  whole  drum  may  be  revolved,  but  anteriorly  it  has  two  large  holes 
bored  in  it  to  transmit  light  to  the  fixation  point,  and  still  farther 
forward  acts  as  an  axle  for  the  movable  segments  of  the  rotary  shutter, 
which  makes  up  the  front  of  the  drum. 

The  rotary  shutter  segments  (fig.  2)  were  cut  of  heavy  tin,  although 
a  similar  weight  in  sheet  brass  would  probably  have  worked  up  with 
less  tendency  to  warp.    The  first  disk,  F,  has  two  equal  openings  L  and 
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h',  the  shape  being  such  as  to  give  the  maximum  area  for  the  miui- 
mum  movement  of  the  shutter.  The  inner  margin  of  each  area  is  on 
an  arc  of  1  inch  radius  from  the  center  and  the  outer  margin  on  an  arc 
of  51/2  inches  from  the  center,  at  maximum  opening  an  arc  of  45  being 
subtended.  On  the  quadrants,  E  and  E'  is  placed  another  segment 
of  size  and  shape  to  fit  the  interval  left  by  the  next  superimposed 
segment  G.  Thus  a  smooth  surface  is  provided  for  the  shutter  to 
move  on  below,  and  above  the  proper  level  is  obtained  on  which  to 
solder  an  overhang  under  which  the  shutter  may  pass  and  give  a  light- 


Heiiiiupic    rupilUu-y   Apj)aiatus    ur    Walker. 
Fig.  3. — Patient  in  i^osition. 

tight  closing.  The  back  of  this  disk  carries  two  plates  of  milk-glass 
covering  the  openings.  The  anterior  end  of  the  hollow  axle  also  has  a 
milk-glass  window  on  which  is  marked  a  letter  A  and  a  dot,  serving  as 
a  fixation  point. 

The  next  superimposed  segment,  G,  serves  mainly  the  purpose  of 
symmetrically  regulating  the  size  of  the  lighted  areas,  but  at  the  same 
time  it  carries  two  circular  arms  extending  along  the  outer  nmrgins 
of  the  lighted  areas,  forming  a  smooth  course  on  which  the  edge  of  the 
shutter  may  travel  under  cover  of  another  overhang  providing  a  light- 
tight  nujrg;in.  This  disk  is  not  fixed  to  the  drum  as  the  first  one  is, 
but  is  free  to  rotate  when  the  clamps  holding  it  to  the  first  disk  are 
loosened.  The  shutter  is  a  semi-circular  disk,  H,  actuated  by  a  jointed 
hand  Icvei",  as  is  shown  in  the  assembled  shutter  C  drawn  in  the  posi- 
tion where  the  lighted  areas  L  and  L'  have  been  cut  down  to  about 
one-half  their  full  size. 

To  eliminate  anv  asvmmctrv  tliat  mav  be  due  to  I'cflection  from  the 
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patient's  face,  a  wide,  short  cone,  truncated  to  fit  tlie  patient's  eye,  is 
provided  on  an  adjustable  support,  so  that  the  distance  from  the 
fixation  point  can  be  varied  within  any  desirable  limits,  from  10  to  20 
inches  usually  giving  satisfactory  illumination.  A  patient  in  position 
before  the  instrument  is  shown  in  figure  3. 

Before  making  any  tests,  in  order  to  avoid  as  much  as  possible  any 
psychic  or  accommodative  changes  or  any  tendency  to  loss  of  fixation, 
the  patient  is  familiarized  with  the  movements  of  the  shutter,  until  the 
shifting  of  light  areas  ceases  to  be  of  interest.  The  room  is  then 
darkened  to  exclude  all  asymmetrical  light,  and  with  the  shutter  at 
mid-position  or  entirely  open  on  the  blind  side,  so  that  light  adaptation 
may  be  kept  equal,  or  as  low  as  possible  before  the  test  is  made,  the 
patient  is  placed  in  position  before  the  instrument  with  one  eye  covered, 
and  the  light  is  gradually  increased  until  the  movements  of  the  iris 
can  be  accurately  followed.  This  light  strength  varies  slightly,  depend- 
ing on  the  color  of  the  iris ;  it  is  greater  for  the  darker  irises.  The 
patient  is  now  told  to  sit  back  and  close  the  eyes  before  proceeding 
with  the  observations,  in  order  to  increase  the  dark  adaptation,  which 
has  a  tendency  to  increase  the  difference  in  reaction,  and  to  avoid 
fixation  fatigue.  Previously,  of  course,  the  lights  have  been  photo- 
metrically balanced  by  means  of  the  sliding  contacts  and  further 
adjusted  to  the  normal  eye  so  that  the  pupillary  reaction  is  the  same 
from  both  lights. 

Observation  of  direct  pupillary  reactions  may  be  made  with  the 
unaided  eye,  or  a  short-focus  telescope  may  be  used.  A  very  simple 
aid  is  made  by  rolling  up  a  tube  of  stiff  paper  which  will  hold  a  mag- 
nifying glass  in  one  and  fit  snugly  a])Out  the  observer 's  eye  at  the  other 
end,  thus  at  once  cutting  out  shifting  and  somewhat  confusing  illumina- 
tion on  the  observer's  eye,  and  enlarging  the  pupillary  movements. 
This  tube  may  be  held  in  the  mid  position  to  avoid  asymmetrical 
reflections.  Observation  of  the  consensual  pupillary  reaction  may  be 
effected  directly  if  all  light  from  the  instrument  is  screened  off  and 
limited  to  the  eye  under  examination,  by  a  heavy  black  conical  cur- 
tain. Light  is  then  admitted  to  the  room  until  the  movements  of  the 
consensual  pupil  can  be  followed,  but  without  the  use  of  the  curtain 
the  consensual  pupillary  reaction  can  also  be  observed  objectively  with 
the  monocular  pupillometer  or  subjectively  with  the  eutopic  pupillo- 
meter  previously  described. 

The  rate  of  movement  of  the  shutter  has  considerable  effect  on  the 
resulting  pupillary  reaction.  This  holds  true  for  the  normal  eye  as 
well  as  for  the  hemianoptic  eye.  In  general,  on  the  normal  eye  if  this 
change  is  made  slowly  from  one  light  to  the  other  no  reaction  may  be 
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noted  if  the  accommodative  and  psychic  reactions  are  not  active.  These 
latter  reactions  are  very  noticeable  the  first  time  a  young  person  sits 
down  to  the  instrument  and  simply  fixes  attention  on  the  central  point. 
If  now  the  pupil  is  carefully  observed  with  no  change  in  light  distribu- 
tion one  often  notices  in  the  course  of  the  first  minute  or  so  decided 
variations  in  the  size  of  the  pupil.  A  noise  or  a  spoken  word  may 
cause  a  distraction  of  attention  or  relaxation  of  accommodation  with 
corresponding  exaggeration  of  the  normal  hippus  that  may  be  noted 
for  a  time  in  absolute  silence.  These  changes  become  reduced  to  a 
minimum  as  the  patient  becomes  more  and  more  at  ease.  In  older 
persons  whose  accommodative  reflexes  are  no  longer  active  these  reac- 
tions are  much  less  noticeable  if  present  at  all.  If  a  distant  fixation 
point  were  observed  through  the  hollow  axle  the  condition  would 
doubtless  be  better  if  it  were  not  for  the  liability  of  the  test-lights 
near  at  hand  to  stimulate  accommodative  reactions  as  they  flash  into 
view. 

When  these  reactions  are  quiescent  there  may  be  no  pupillary  reac- 
tion if  the  lights  are  slowly  changed,  but  if  the  change  is  suddenly 
made,  we  notice  a  quick  pupillary  contraction  followed  by  a  somewhat 
slower  dilatation  to  the  former  size.  This  may  be  repeated  on  the 
return  change  if  the  interval  is  two  or  three  seconds  or  more.  As  the 
interval  is  decreased  to  the  neighborhood  of  one  second  or  less  the 
pupillary  contraction  and  dilatation  becomes  less  until  the  interval 
is  of  such  length  that  the  pupillary  reaction  apparently  does  not  have 
time  to  take  place,  either  on  account  of  the  time  required  for  transit  of 
the  reflex  arc  or  for  light  adaptation  phenomena.  While  it  might  be 
due  to  a  combination  of  the  two  the  interval  is  such  as  to  favor  light 
adaptation  as  an  explanation.  Symmetry  of  distribution  on  both  sides 
of  the  macula  is  not  necessary.  The  same  thing  happens  if  the  lights 
are  turned  into  the  vertical  position  and  a  point  a  short  distance  out 
on  the  horizontal  line  through  the  center  is  taken  as  an  eccentric 
fixation  point.  These  reactions  obtained  on  the  normal  eye  are  the 
same  from  either  light  when  the  instrument  has  been  adjusted.  This 
same  reaction  may  be  elicited  when  the  two  lights  are  placed  in  the 
seeing  field  of  a  hemianoptic  eye.  But  in  any  case,  if  the  eye  is  allowed 
to  fix  a  very  short  distance — a  centimeter  or  less  toward  either  light, 
for  instance — so  that  asymmetry  enters,  a  difference  in  pupillary  reac- 
tion is  noticeable. 

In  examining  hemianopic  cases  the  most  satisfactory  interval  of 
alternation  seems  to  be  that  which  gives  the  maximum  noticeable 
pupillary  movement  and  seems  to  be  about  the  same  interval  (2  or  3 
seconds)   as  that  at  which  the  pupillary  bounce  is  most  active  in  the 
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normal  eye.  The  rate  of  change  from  one  light  to  another  is  made  as 
rapidly  as  possible  for  the  same  reason.  In  some  cases  in  which  the 
hemiopic  pupillary  reaction  is  marked,  however,  it  is  difficult  to  mask 
it  with  any  kind  of  a  shutter  movement.  Again,  when  the  reaction 
is  not  marked,  blinding  the  macula  may  be  resorted  to  as  a  means  of 
intercepting  the  reaction.  A  piece  of  heavy  black  paper  having  a 
circular  hole  an  inch  or  two  in  diameter  is  held  over  one  of  the  light 
areas  and  the  patient  told  to  look  steadily  at  the  center  of  this  spot 
of  light  until  looking  at  the  center  of  the  instrument  fixation  can  still 
be  maintained  in  spite  of  the  blinding. 

In  order  to  get  an  idea  of  the  magnitude  of  a  hemiopic  pupillary 
reaction,  aside  from  measuring  the  pupillary  sizes,  two  methods  were 
used  which  gave  relative  results:  first,  the  amount  of  resistance  neces- 
sary to  cut  one  light  down  to  the  point  at  which  the  reaction  was  the 
same  from  one  dim  light  and  one  bright  light.  AVith  the  second  method, 
the  size  of  the  areas  was  cut  down  until  the  consensual  reaction  could 
not  be  made  out  with  the  pupillometer  on  the  other  eye  with  any 
degree  of  certainty. 

In  addition  to  the  use  of  the  shutter  with  the  lights  in  fixed  position 
one  light  may  be  exposed  and  the  whole  drum  rotated  so  that  the 
light  may  pass  back  and  forth  from  blind  to  seeing  field  at  constant 
distance  from  the  point  of  fixation  performing  concentric  rotation 
tests,  as  was  mentioned  previously.  Concentric  rotation  of  one 
light  entirely  in  the  seeing  field,  however,  may  give  a  psychic  as  well 
as  light  adaptation  contraction  of  the  pupil;  so  that  this  movement 
must  be  repeated  several  times  with  patients  in  order  to  reduce  the 
psychic  element  as  much  as  possible  by  thorough  familiarization  with 
the  procedure. 

Krusius  {Arch.  f.  Augeiih.,  April,  1907),  has  devised  a  little  instru- 
ment especially  suited  to  testing  the  ordinary  reactions  of  the  pupil. 
It  consists  of  a  box  that  is  fastened  to  the  head,  with  the  patient's  eye 
at  one  aperture,  in  a  second  aperture  a  small  electric  lamp,  and  a 
third  opening  permits  the  surgeon  to  watch  the  reactions  of  the  pupil. 
A  monocular  form  is  particularly  fitted  for  testing  the  consensual  reac- 
tions. He  has  also  suggested  a  binocular  pupillometer,  useful  in  testing 
all  the  reactions  of  the  pupil. 

See  also  Bach's  pupil-reflex  tests  in  Vol.  II,  Page  730,  of  this 
Encyclopedia. 

The  pupillary  area,  which  is  next  examined  after  completing  the 
investigations  of  the  pupillary  reactions,  should  be  first  scrutinized 
by  oblique  illumination.  Search  is  made  for  posterior  synechia  or 
any  evidences  on  the  anterior  capsule  of  that  condition  having  pre- 


EXAMINATION  OF  THE  EYE  4629 

viously  existed.  The  latter  would  be  shown  by  pigment-spots  or  points 
of  exudation  on  the  capsule. 

Proceeding  deeper  the  surgeon  examines  the  lens  suhstmice  itself  by 
oblique  illumination.  In  order  to  do  this  satisfactorily  it  is  neces- 
sary to  have  the  pupil  well  dilated.  One  or  two  drops  of  a  4  per  cent, 
solution  of  cocaine  instilled  into  the  eye,  is  a  very  satisfactory  mydriatic 
for  this  purpose,  as  its  action  is  only  for  a  short  time.  Opacities  or 
foreign  bodies  are  looked  for.  Opacities  when  seen  by  oblique  illumi- 
nation appear  grayish  on  a  black  background.  When  later  we  observe 
them  with  the  ophthalmoscope  they  take  on  a  much  different  appear- 
ance, being  black  on  the  red  fundus  reflex.  Foreign  bodies  are  often 
seen,  but  usually  they  soon  set  up  a  rapid  swelling  of  lens  substance 
which  obscures  them.  Occasionally,  however,  a  small  body  may  lodge 
in  the  lens  substance  and  remain  there  for  years  without  giving  rise 
to  any  trouble. 

The  examination  of  the  lens  is  also  performed  by  the  surgeon  with 
the  aid  of  the  ophthalmoscope.  This  will  be  referred  to  later  when 
a  description  of  the  use  of  the  ophthalmoscope  is  given. 

If  the  lens  is  quite  clear,  some  of  the  anterior  part  of  the  vitreous 
may  be  seen  by  the  oblique  method  but  the  real  practical  and  valuable 
observations  of  the  vitreous  body  must  be  done  with  the  aid  of  the 
ophthalmoscope. 

The  intra-ocular  tension  is  of  great  importance  and  should  be 
determined  in  every  eye  examined.  As  a  rule  it  is  increased  in  glau- 
coma, intra-ocular  tumors  and  sometimes  in  iritis.  It  is  decreased,  as 
a  rule,  in  detachment  of  the  retina,  perforation  of  the  globe,  lique- 
faction of  the  vitreous  humor,  and  in  pseudo-neuroepithelioma. 

When  observing  the  tension  of  an  eye  the  usual  method  followed 
is  that  simple  procedure  of  palpating  with  the  index  fingers,  much  in 
the  same  manner  as  one  detects  fluctuation  in  any  part  of  the  body. 
This  method  is  quite  satisfactory  in  most  cases,  and  the  trained  ob- 
server, after  long  experience,  is  able  to  detect  the  slightest  alteration 
from  normal;  whether  it  is  an  increased  or  decreased  tension. 
Although  there  are  several  instruments  which  are  now  in  quite  general 
use  for  calculating  the  exact  intra-ocular  pressure,  still  all  oculists 
should  be  able  to  make  intelligent  and  fairly  accurate  observations  ])y 
the  old  procedure.  The  patient  should  always  be  seated,  for  if  standing 
the  swaying  of  the  body  is  very  apt  to  confuse  the  observer  and  cause 
erroneous  impressions  to  be  transmitted  to  his  finger  tips.  The  physi- 
cian stands  immediately  in  front  of  the  patient  and  directs  him  to 
look  down  or,  as  is  found  more  advantageous  in  some  cases,  he  is  told 
to  "look  at  his  feet."     The  tips  of  botli  index  fingers  are  then  placed 
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on  the  lowered  eyelid  and  the  middle  and  ring  fingers  are  allowed  to 
rest  lightly  on  the  brow ;  now  by  alternately  directing  pressure  down- 
ward onto  the  eyeball  by  first  one  finger  and  then  the  other,  the  exact 
condition  is  determined.  It  should  always  be  remembered  to  exert  the 
pressure  downward  and  not  backward,  for  a  backward  pressure  would 
to  some  extent  only  press  the  globe  into  the  orbit  and  the  results 
arrived  at  would  be  incorrect. 


Scliiiitz  Tonometer. 


Some  prefer  to  have  the  patient  look  up  and  then  pressure  is  exerted 
on  the  lower  lid ;  but  this  method  is  not  in  general  use  and  is  cer- 
tainly not  as  satisfactory  as  that  above  described. 

The  condition  found  in  one  eye  should  always  be  compared  with 
that  existing  in  its  fellow  and  if  there  be  any  doubt  the  results  should 
be  contrasted  with  those  obtained  by  examining  the  normal  eye  of 
an  individual  of  the  same  age.  Schweigger  has  advised  that  in  some 
doubtful  cases  it  is  of  advantage  to  place  the  finger  tips  directly  on 
the  sclera.  This  method  has  not  proved  to  be  of  any  particular 
advantage,  however,  and  in  any  case  where  it  might  be  called  for,  it 
would  be  more  advisable  to  resort  fo  the  tonometer. 
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The  findings  by  the  palpating  method,  just  described,  are  expressed 
very  simply.  Tn.  indicates  normal  tension  and  departures  from  normal 
are  expressed  by  the  symbols  +1,  +2,  -)-  3  and  —  1,  —  2,  —  3 ;  the 
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plus  sign  showing  increased  tension  (hypertony)  and  roughly  trans- 
lated, +  1  means  tension  noticeably  increased,  -f"  2  greatly  increased 
and  +  3  hard  as  stone,  or  absolute  glaucoma.  The  minus  indicates 
diminished  tension  (hypotony)  ;  — 1  meaning  a  noticeable  decrease, 
—  2  great  decrease  and  — 3  absolutely  soft. 
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The  introduction  of  the  tonometer  of  Schiotz  has  given  a  great  im- 
petus to  the  clinical  study  of  intraocular  pressure.  One  way  in  which 
this  has  been  manifested  has  been  the  devising  of  different  instruments 
to  serve  the  same  purpose.  The  Gradle  tonometer  is  essentially  the 
Schiotz  instrument  with  these  modifications.  The  corneal  foot-plate 
and  stylet  are  smaller,  and  the  radius  of  curvature  of  the  foot-plate  is 
7.6  mm.  instead  of  8.4  mm.     These  changes  make  it  possible  to  fit  the 
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Stephenson-Wolinski  Tonometer. 

foot-plate  moi'e  accurately  to  the  average  corneal  curve  in  the  pupil- 
lary area.  The  stylet  is  so  attached  that  it  cannot  be  dropped  out 
of  the  tube  in  which  it  slides,  and  the  four  weights  are  each  1  gram, 
being  added  to  each  other  when  the  resistance  of  the  hardened  eyeball 
makes  a  heavier  weight  necessarj^ 

A  totally  different  tonometer  is  that  devised  by  Stephenson  {Oph- 
thalmoscope, IX,  p.  632),  with  the  assistance  of  Wolinski.  This  instru- 
ment may  be  understood  by  the  examination  of  the  cut.     It  is  applied 
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on  the  closed  upper  lid  with  the  patient  in  the  ordinary  sitting  posture. 
There  is  a  handle  (N)  for  holding  the  tonometer  in  position  on  the 
patient's  face,  and  a  milled  head  (L)  for  adjusting  it  to  eyes  of  vary- 
ing depth.  A  spiral  spring  is  contained  in  an  inner  tube  (B),  at  the 
end  of  which  is  a  concave  cup  (C),  to  fit  the  patient's  closed  lid.  (B) 
is  inclosed  in  a  second  tube  (li),  toward  the  distal  end  of  which  is  an 
aperture  (0),  and  an  indicator  shown  by  a  vertical  line  intersecting 
the  hole.  The  spring  is  actuated  by  a  jointed  lever  (E),  provided 
with  a  buffer  end  (D)  where  it  coines  into  contact  with  the  spring. 
The  approximately  vertical  arm  of  the  jointed  lever  (E)  is  provided 
with  a  handle  (G)  and  a  pricker  (F).  By  moving  the  handle  (G) 
along  the  slot  provided  for  the  purpose,  more  and  more  weight  is 
brought  to  bear  on  the  spring  (A)  through  the  jointed  lever  (E). 
As  soon  as  the  intraocular  tension  is  equalized  by  the  pressure  on 
the  spring,  the  fact  is  indicated  by  a  movement  of  the  zero  line  in  the 
aperture  (0).  The  exact  weight  is  then  pricked  off  on  the  chart,  by  a 
slight  movement  of  the  pricker  (F). 

The  cup  (C)  is  placed  on  the  patient's  closed  lids,  the  metal  sup- 
ports (M)  in  contact  with  the  supra-  and  the  infra-orbital  regions. 
The  next  step  is  to  adjust  the  instrument,  or,  in  other  words,  to 
lengthen  or  to  shorten  the  tube  by  means  of  the  milled  head  (L)  until 
the  vertical  red  line,  seen  in  the  hole  (0),  comes  to  occupy  the  center 
of  the  aperture.  The  reading  is  taken  by  pulling  the  handle  (G) 
outward,  until  the  zero  line,  seen  in  the  aperture  (0),  is  just  broken. 
This  shows  that  the  compression  of  the  spring  within  the  tube  is  about 
equal  to  the  pressure  within  the  eye.  The  amount  indicated  in  milli- 
meters of  mercury,  is  read  off  from  the  graduated  arc  (P),  and  simul- 
taneously recorded  on  the  paper  chart  by  means  of  the  pricker  (F). 

The  tension  recorded  by  this  appliance  appears  to  include  three  com- 
ponents :  first,  the  tension  of  the  orbicularis  palpebrarum  muscle ;  sec- 
ondly, the  intraocular  tension  properly  so  called;  and,  thirdly,  the 
recession  of  the  eyeball  into  the  orbit.  The  first  and  third  factors 
being  fairly  constant  in  the  same  patient,  the  variable  intra-ocular 
pressure  would  be  recorded  by  the  tonometer. 

The  idea  of  measuring  the  intraocular  tension  by  the  amount  of 
pressure  required  to  flatten  a  fixed  portion  of  the  convexity  of  the  eye- 
ball, has  been  made  use  of  by  Coburn  in  his  ophthalmo-tonometer 
(see  cut).  The  essential  part  of  the  apparatus  is  a  glass  tube  (G)  pro- 
tected l)y  a  fenestrated  brass  sleeve  (B).  Two  centimeters  from  one 
end  of  the  tube  (about  6  mm.  in  diameter)  it  is  drawn  down  to  about 
1  mm.  diameter  and  then  expands  to  the  original  size,  again  diminish- 
ing to  3  or  4  mm.     Tlic  hii-ge  end  of  the  tul)e  is  covered  witli  a  thin 
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rubber  diaphragm  (R).  The  upper  end  (H)  is  connected  by  a  rubber 
tube  to  a  mercurial  manometer  (M).  Between  the  manometer  and 
the  instrument  already  described  is  a  3-way  tube  (F)  one  branch  of 
which  leads  to  a  rubber  bag  (L).  The  brass  sleeve  which  surrounds 
the  glass  tube  has  a  window  through  which  the  constricted  part  of 
the  glass  tube  can  be  seen.  At  the  back  of  the  instrument  is  a  sliding 
knob  (K)  which  moves  a  pointer  in  the  sleeve.  The  method  of  using 
is  as  follows : 


IT 


^ 


Ophtlialmo-Tonometer    of    Coburn. 


(1)  The  tube  is  filled  with  colored  water  to  the  lower  end  of  the 
constricted  part  of  the  glass  tube. 

(2)  Press  the  end  of  the  instrument  against  a  flat  surface  and 
adjust  the  index  so  that  it  marks  the  top  of  the  fluid  in  the  tube.  This 
adjustment  is  made  to  indicate  the  height  of  the  water  in  the  tube 
when  the  diaphragm  is  a  plane. 

(3)  Apply  the  diaphragm  to  the  eye  firmly  so  that  the  surface 
of  the  oeuhir  tissues  barely  appears  to  dimple.  The  curvature  of  th(3 
eye  causes  the  diaphragm  to  be  pushed  inward,  making  the  fluid  rise 
in  the  tube.  The  relative  volumes  of  the  tube  and  its  constricted  part 
are  such  that  a  small  pressure  on  the  diaphragm  causes  a  marked 
change  in  the  height  of  the  water  indicator. 

(4)  Press  the  rubber  ball  until  the  level  of  the  fluid  in  the  tube 
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returns  to  the  marker,  indicating  that  the  elastic  drum  has  been  pushed 
back  to  its  normal  position  (a  plane),  pressing  the  ocular  structures 
also  back  to  a  plane,  the  area  of  which  is  eciual  to  that  of  the  end  of 
the  tube.  The  pressure  as  shown  by  the  manometer  will  then  indicate 
the  ocular  tension. 

While  fixing  the  normal  intra-ocular  pressure  as  13  to  26  mm., 
Liibs  {Klin.  31.  f.  Augcnh.,  September,  1912,  p.  371)  finds  that  in 
three-fourths  of  the  adults  tested  it  varied  from  18  to  31  mm. ;  but  that 
in  normal  individuals  the  pressure  of  both  eyes  was  the  same.  Age 
appears  to  have  no  influence  on  it.  He  used  the  2  per  cent,  holocain 
solution  to  produce  anesthesia ;  because  the  cocain  solution  reduces  the 
intra-ocular  pressure  from  1  to  4  mm.  in  normal  eyes;  and  may  cause 
an  outbreak  of  glaucoma  by  the  mydriatic  action  on  an  eye  predis- 
posed to  glaucoma.  In  normal  eyes  atropin  has  no  influence  on  intra- 
ocular pi'essure.  But  pilocarpin  and  eserin,  in  .05  per  cent,  solutions, 
reduce  it  3  to  8  mm.  in  about  one  and  one-half  hours.  The  subcon- 
junctival injections  of  salt  solution  always  increased  intra-ocular  pres- 
sure 3  to  8  mm.  The  return  to  normal  occurred  in  three  or  four  hours. 
In  highly  myopic  eyes  he  found  normal  tension.  In  diseases  of  the 
cornea  and  uveal  tract  the  tension  varied.  After  cataract  extraction  it 
returned  to  normal  in  about  four  weeks.  In  simple  glaucoma  the 
tension  may  vary  from  normal  to  100  nun.  and  is  reduced  by 
iridectomy. 

Erdmann  has  confirmed  most  of  the  above  ol)servations.  He  found 
local  anesthesia  necessary  for  the  accurate  measurement  of  the  tension. 
He  also  used  alypin  in  a  2  per  cent,  solution  for  the  purpose.  lie 
secures  fixation  of  the  eye  by  having  the  patient  hold  up  his  hand  of 
the  same  side  and  look  toward  it.  Heilbrun  (Graefe's  Arch.  f.  OpliUi., 
LXXIX,  p.  552)  places  the  normal  ocular  tension  at  12  to  27  mm. 
He  also  finds  it  e(iual  in  the  two  healthy  eyes  of  the  same  individual. 
Errors  of  refraction  do  not  affect  it.  As  to  cocain,  atropin,  saline 
injections,  and  following  cafai-act  extraction,  his  results  were  similar 
to  those  since  recorded  by  Liibs.  Simple  retinal  detachment  is  not 
always  attended  witli  diminished  tension,  nor  are  intra-ocular  tumors 
with  increased  tension.  In  simple  ghiucoma  he  believes  there  are 
always  times  in  which  tbe  tension  is  elevated  above  what  is  normal 
for   the   individual. 

Wegner  {Arch.  f.  Aiifjoih.,  LXVIIl,  ]).  290)  from  tests  of  100 
normal  eyes,  concluded  1li;it  llie  lensioii  of  tlie  eyeball  diminished 
slight l\'  with  age.  lint  the  avei'age  I'oi'  those  under  25  years  was  only 
24  mm.,  and  the  average  for  the  whole  series  was  21  mm.  So  it  seems 
that  his  observations  are  scarcely  ()])pose(l  to  those  that  show  no  change 
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of  intra-ocular  tension  with  age.  Kayser  (Klin.  M.  f.  Augenh.,  July, 
1911,  p.  106),  in  a  large  series  of  elderly  patients,  found  the  tension 
of  normal  eyes  to  run  between  22  and  25  mm.  It  was  reduced  (6  or  8 
mm.)  by  electromassage,  but  soon  returned  to  its  former  condition. 
Tension  was  also  reduced  by  the  pressure  bandage.  In  a  case  of 
juvenile  hydrophthalmos  it  was  only  14  mm. ;  and  in  two  cases  of 
■  keratoconus,  11  and  13  mm.,  respectively,  Cecchetto  {Clin.  Ocul.,  XII, 
p.  739)  in  fifty  persons  with  normal  eyes,  between  20  and  30  years  of 
age,  found  the  average  tension  to  be  18  mm.,  considerably  lower  than 
Wegner's  average  for  all  ages.  In  posterior  sclerochoroiditis  with 
myopia  (eleven  cases)  the  average  was  only  13.2  mm.;  but  under 
treatment  rose  to  the  normal. 

Luedde  {Am,  Jour.  Oph.,  XXIX,  p.  289)  urges  great  accuracy  in  the 
first  measurement  with  the  tonometer — care  to  see  that  the  stylet  is 
free,  and  the  foot-plate  properly  placed,  and  that  no  pressure  is  made 
on  the  eyeball — gives  more  accurate  results  than  to  average  differing 
successive  readings.  The  repeated  application  of  the  instrument  tends 
to  bring  down  the  tension.  To  prevent  injury  to  the  cornea  he  applies 
a  droplet  of  oil  to  the  end  of  the  stylet  or  plunger ;  and  suggests  this 
may  prevent  any  resistance  to  movement  from  fluid  drawn  into  the 
tube  by  capillary  attraction.  He  is  inclined  to  recognize  as  glau- 
comatous certain  cases  in  which  the  tension  does  not  rise  above  the 
general  limits  for  the  normal,  although  too  high  for  the  individual : 
and  he  reports  cases  in  which  increased  tension  occurred  secondary 
to  other  conditions.  Diminished  tension  was  found  by  him  in  iritis, 
central  choroiditis,  keratitis,  persistent  mydriasis  after  perforating  in- 
jury of  the  sclera  and  optic  atrophy. 

It  is  a  well-known  fact  that  external  pressure  on  the  eyeball  raises 
the  intra-ocular  pressure.  During  the  time  the  tonometer  is  applied 
on  the  eye,  a  slight  pressure  with  the  finger  or  a  faint  attempt  to 
close  the  lids  is  sufficient  to  modify  the  tonometric  measurement,  and  a 
high  intra-ocular  pressure  is  recorded. 

The  four  recti  muscles  and  two  oblique,  besides  their  main  func- 
tion of  moving  and  rotating  the  eyeball  in  all  possible  directions,  exert 
a  certain  pressure  on  the  eye  by  the  constant  muscular  tonus,  which 
is  inherent  to  a  normally  acting  muscle. 

It  has  frequently  occurred  that,  when  two  ophthalmologists  palpate 
the  same  eye,  the  first  examiner  finds  the  intra-ocular  pressure  high, 
while  the  other  pronounces  it  normal.  With  the  Schiotz  tonometer 
this  has  also  been  noticed.  If  the  tonometer  is  applied  on  the  eye- 
ball several  times  consecutively,  the  instrument  registers  at  the  end  a 
lower  intra-ocular  pressure  than  at  the  beginning.     It  has  been  found 
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that  in  normal  eyes  the  intra-oeular  pressure  invariably  decreases  dur- 
ing the  time  the  weight  of  the  tonometer  presses  on  the  eye,  and  that 
this  amount  of  decrease  may  readily  be  made  out  by  simply  watching 
the  indicator  of  the  tonometer  moving  to  the  right  one  or  more  divisions 
of  the  tonometric  scale. 

M.  J.  Sehoenl)erg,  in  an  able  article  published  in  the  Archives  of 
OphthalmoJogif,  Vol.  XLII,  March,  1913,  considers  the  relationship 
of  tonometric  findings  to  intraocular  drainage.  In  this  article  he  states 
that  since  Prof.  Schiotz's  second  article  on  tonometry  {Arch.  f.  Augen- 
heilk.,  vol.  Ixii.,  1909)  a  number  of  very  valuable  contributions  dis- 
cussing various  questions  in  connection  with  the  intraocular  pressure 
has  appeared.  Some  of  the  questions  have  been  partly  cleared  up, 
but  many  have  been  left  untouched.  One  of  these  is  the  following: 
What  is  the  normal  rate  of  drainage  of  intraocular  fluids  in  animal 
and  human  eyes,  and  how  is  this  rate  of  drainage  affected  in  glau- 
comatous eyes? 

All  who  have  had  experience  with  the  tonometer  have  observed  that 
when  this  instrument  is  continuously  applied  on  the  eye  for  a  certain 
length  of  time,  or  at  very  short  intervals,  it  registers  a  gradually 
decreasing  o.  p.  (intraocular  pressure) — i.  e.,  the  eye  becomes  gradually 
softer.  The  rational  explanation  of  this  i)henomenon  is  that  the 
weight  of  the  tonometer  expresses  a  certain  amount  of  fluid  from  the 
eye,  thereby  reducing  the  hardness.  It  is  interesting  to  note  that 
this  fact  has  not  been  utilized  in  studying  the  drainage  system  of  the 
normal  and  glaucomatous  eyes.  If  by  applying  a  weight  on  the  eye- 
ball, it  is  possible  to  express  from  this  organ  a  certain  amount  of 
fluid,  it  is  evident  that  there  are  channels  in  the  eye  through  which 
this  fluid  is  expressed. 

It  is  almost  universally  admitted  that  the  intraocuhii'  fluids  are  con- 
stantly renovated  by  a  continuous  slow  flow  of  lirjuid  wliich  enters 
the  eyeball  and  also  by  a  continuous,  just  as  slow,  exit  of  li(|uid. 

Wessely  even  figui'es  out  that  the  a(|ueous  humor  is  drained  and 
completely  renovated  every  two  liours.  As  the  intraocular  pressure 
is  maintained  at  a  certain  level  ])y  the  constant  volume  of  the  contents 
of  the  globe,  it  is  obvious  that  this  constant  intraocular-  prc^ssure  is 
possible  only  as  long  as  the  amount  of  liquid  entering  tlie  eye  does 
not  exceed  the  amount  leaving  it.  In  eyes  in  which  the  draining 
function  is  nioi-e  or  less  interfered  Avith,  there  is  a  loss  of  balance 
between  tlic  two  main  factors  (in  and  outflow)  regulating  tlic  intr;i- 
ocular  pressure.  Tlif  ocular  fluid  cannot  leave  the  eye  at  tlie  same 
rate  as  it  does  normally  and  the  fluid  contents  of  the  eyeball  will  have 
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a  tendeiie.y  to  increase  in  amount,  consequently  the  intraocular  pres- 
sure Atill  increase  also. 

Supposing  that  a  weight  would  be  constantly  applied  on  an  eye  with 
its  drainage  system  in  good  order,  that  weight  will  gradually  express 
from  that  eye  a  certain  amount  of  Huid  in  a  certain  number  of  seconds. 
If  the  same  weight  is  applied  on  an  eye  with  its  draining  system  par- 
tially obstructed  (simple  glaucoma),  it  will  take  a  longer  time  to 
express  the  same  amount  of  Huid.  Finally,  if  the  same  weight  is 
applied  on  an  eye  with  its  drainage  entirely  obstructed  (absolute  glau- 
coma), no  matter  how  long  we  wait  no  fluid  is  expressed  from  that 
eye.  Imagining  that  instead  of  the  weight  we  use  the  tonometer,  we 
readily  see  how  we  can  judge  at  the  same  time  the  amount  of  fluid 
expressed  from  the  eye  by  reading  off  from  the  tonometric  scale  the 
degree  of  decrease  of  intra-ocular  pressure  when  the  tonometer  is  ap- 
plied steadily  for  a  certain  time. 

In  a  normal  eye  the  tonometer  shows  that  the  intraocular  pressure 
is  gradually  decreasing  at  an  average  which  we  call  normal ;  in  an  eye 
with  an  impaired  drainage  the  weight  of  the  tonometer  still  expresses 
fluid  but  at  a  nuich  slower  rate,  and  in  an  eye  with  absolute  glaucoma 
the  weight  of  the  tonometer  produces  no  decrease  of  the  intraocular 
pressure. 

From  the  above  it  is  seen  that  the  tonometer  may  be  utilized  for 
the  measurement,  not  only  of  the  intraocular  pressure,  but  also  of  the 
index  of  ocular  drainage. 

The  index  of  ocular  drainage  may  be  defined,  in  general  terms,  as 
the  rate  or  rapidity  with  which  the  ocular  fluid  may  be  expressed  by 
the  weight  of  the  tonometer  applied  on  the  eye. 

Schoenberg,  after  much  investigation,  has  become  convinced  that  the 
mere  measurement  of  intraocular  pressure,  while  very  helpful  in  the 
diagnosis  of  certain  cases  of  glaucoma,  is  a  procedure  which  may  be 
incomplete  and  misleading  unless  the  index  of  ocular  drainage  is 
measured  at  the  same  time.  It  is  misleading  in  those  cases  which  have 
only  occasionally  a  high  intraocular  pressure.  If  the  tonometer  hap- 
pens to  be  applied  during  one  of  the  intervals  when  the  o.  p.  is  not 
above  the  normal  limit,  we  may  be  induced  to  believe  that  the  eye  is 
normal.  In  fact,  clinicians  no  longer  rely  upon  a  single  examination. 
In  suspicious  cases,  they  have  the  o.  p.  measured  repeatedly.  It  is  not 
improbable  that  in  some  cases  the  examinations  should  be  made  dur- 
ing the  intervals  when  the  intraocular  pressure  is  not  high.  In  such 
cases,  the  mere  taking  of  the  o.  p.  with  the  tonometer  is  a  crude  and 
incomplete  procedure. 

K.    Heilbrun    {Arch.   f.    Ophikalm.,    vol.    xxix.,    1911)    and    Stock 
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{Bvikujfhcft  zu  Klin,  Monatsbl.  f.  Angcnlidlk.,  1910)  have  each  pub- 
lished histories  of  patients  who  had  low  intraocular  pressure  during 
attacks  of  glaucoma.  Heilbrun  says:  "The  tension,  which  lies  within 
the  normal  limits,  may  be  abnormally  high  in  cases  which  have  had  an 
abnormally  low  intraocular  pressure  before."  The  mere  satisfaction 
of  proving  that  the  intraocular  pressure  of  an  eye  is  below  27  mm.  Ilg., 
i.  e.,  within  normal  limits,  is  sometimes  deceiving  and  such  an  examina- 
tion is  incomplete.  On  the  one  hand,  a  low  intraocular  pressure  does 
not  exclude  the  presence  of  glaucoma,  because  the  examination  may 
happen  to  l)e  made  during  an  interval  of  nonirritability  or  because  ihe 
original  o.  p.  of  the  eye,  when  normal,  was  very  much  lower  than  the 
one  now  found.  On  the  other  hand,  the  measurement  of  the  o.  p.  is 
interesting  only  in  so  far  as  it  reveals  the  condition  of  the  safety  devices 
which  such  an  eye  possesses  for  keeping  its  draining  system  in  good 
order.  In  other  words,  the  measurement  of  the  intraocular  pressure 
alone  throws  some  light  upon  the  condition  of  the  drainage  system  of 
the  eye.  This  light  is  very  dim,  however,  because  the  drainage  capacity 
may  be  impaired  to  some  degree  and  still  the  o.  p.  may  not  exceed 
the  normal  limit.  Therefore,  a  correct  idea  about  the  normal  condi- 
tion or  about  the  state  of  impairment  of  the  mechanism  regulating  the 
intraocular  pressure,  can  be  obtained  only  when  we  consider  both  the 
intraocular  pressure  and  the  index  of  drainage  of  the  ocular  fluids. 
The  elucidation  of  this  point  is  of  great  importance  in  the  early  diag- 
nosis of  glaucoma,  when  the  various  complaints  of  the  patient  are  vague 
and  indefinite  and  the  information  furnished  hy  a  most  careful  ex- 
amination is  very  doubtful. 

The  c[uestion  of  intraocular  drainage  measured  on  the  eye  in  perfect 
physiological  integrity  (not  on  eyes  punctured  by  a  canula)  has  not 
been  studied.  The  normal  rate  of  drainage  in  human  and  animal  eyes, 
the  index  of  drainage  in  glaucomatous  eyes  at  various  stages,  the  in- 
fluence of  myotics,  mydriatics,  and  cycloplegics  on  the  drainage  of 
ocular  fluids,  and  the  effects  on  the  drainage  of  various  surgical  opera- 
tions on  the  eye  are  some  of  the  [)robl('ms  concci'iiiiig  the  ([ucstion 
of  intraocular  pressure. 

As  to  the  nuthod  of  <  .aiininalioit  for  I  In  itidc.r  of  ocular  (Iraiiiage, 
a  correct  technic  is  necessary  and  all  possible  precautions  must  be 
taken  in  oi'der  to  avoid  errors.  The  method  us(m1  in  examining  the  rate 
of  ocular  drainage  is  as  follows: 

An  assistant  fixes  the  head  in  such  a  mainicr  that  one  eye  is  directed 
as  nearly  straiglit  upward  as  possible.  .Vnollit-r  assistant,  with  a 
watch  before  him,  records  the  initial  intraocular  pressure  shown  by  the 
tonometer-  and  thr  exact  time  in  seconds  at   whidi   the  examination  is 
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begun.  He  then  notes  the  nuniber  of  seconds  it  takes  the  handle  to 
move  from  the  one  division  of  the  tonometer  scale  to  the  next  one.  Tlu- 
examination  ends  when  the  handle  of  the  tonometer  does  not  move  Avhil«' 
the  instrument  is  applied  for  over  120  seconds. 

Normal  eyes  have  an  ocular  pressure  and  a  rate  of  ocular  drainage- 
varying  within  relatively  wide  limits;  glaucomatous  eyes  have  some 
impairment  in  the  function  of  the  draining  system.  It  is  safe  to  sup- 
pose that  in  incipient  or  prodromal  glaucoma,  the  drainage  system 
may  be  undergoing  slight  alterations  which,  though  too  small  to  raise 
the  intraocular  pressure  above  the  upper  limit  of  the  normal,  yet  suffi- 
cient to  be  discernible  by  the  measurement  of  the  rate  of  ocular  drain- 
age. There  are  patients  with  eyes  in  a  condition  of  latent  glaucoma 
in  which  the  intra-ocular  pressure  is  within  normal  limits — about  15  to 
26  mm.  Hg.  The  diagnosis  in  such  cases  can  be  cleared  up  to  a  certain 
extent  by  the  measurement  of  the  rate  of  ocular  drainage. 

By  visual  acuity  we  mean  the  power  of  the  eye  for  distinguishing 
size  and  shape.  The  refraction  of  the  eye  and  visual  acuteness  are  fre- 
quently confounded.  They  are  two  entirely  different  things,  however, 
and  should  be  clearly  distinguished  from  each  other,  although  in  prac- 
tice we  are  accustomed  to  determine  them  together.  The  refraction 
is  simply  the  function  of  the  dioptric  apparatus;  while  visual  acuity 
is  a  function  of  the  nervous  apparatus  of  the  eye. 

To  determine  the  acuteness  of  vision,  we  determine  the  smallest 
retinal  image  the  form  of  which  can  he  distinguished. 

The  visual  acuity  depends  on  five  primary  conditions : 

First.     Sensibility  of  the  retina. 

Second.     Adaptation  of  the  retina. 

Third.     General  illumination. 

Fourth.     Sharpness  of  the  retinal  image. 

Fifth.     Intensity  of  the  illumination. 

The  results  of  numerous  experiments  have  shown  that  the  two  points 
of  a  retinal  image,  in  order  to  be  clearly  distinguished  from  each  other, 
must  be  separated  by  a  distance  of  0.00486  nun.  Such  a  retinal  image 
corresponds  in  the  normal  emmetropic  eye  to  a  visual  angle  of  1'. 

Therefore,  it  is  a  measurement  of  the  visual  angle  for  objects  that 
establish  visual  acuity.  In  order  to  obviate  the  influence  of  the  power 
of  accommodation  or  the  necessity  for  glasses  for  focusing  near  objects, 
we  determine  the  visual  acuity  by  always  measuring  the  visual  angle 
for  distant  objects.  Another  advantage,  as  pointed  out  by  Snellen, 
is  that  this  method  of  determination  uses  larger  figures,  as  distant  test- 
objects,  which  are  more  easily  constructed  than  the  small  ones  that  are 
required  as  tests  for  shorter  distances. 
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As  Snellen  states  in  Norris  and  Oliver's  Diseases  of  the  Eye,  full 
visual  acuity  must  be  looked  upon  as  that  which  is  found  after  correc- 
tion of  any  abnormality  of  refraction.  It  has  become  the  custom,  how- 
ever, to  add  "with  refraction,"  to  the  term,  "visual  acuity,"  if  the 
result  has  been  obtained  with  the  aid  of  lenses.  If  the  test  has  been 
made  with  parallel  lines,  the  influence  of  astigmatism  may  have  been 
excluded  by  placing  the  lines  in  the  direction  in  which  they  are  most 
distinctly  seen.  All  that  is  then  necessary  is  to  determine  the  spherical 
glass  which  gives  the  best  distant  vision. 

It  is  only  by  excluding  all  disturbances  caused  by  want  of  trans- 
parency or  by  abnormal  refraction  that  a  correct  conclusion  as  to 
the  perceptive  power  of  the  retina  can  be  arrived  at. 

The  successful  study  of  test  types  must  be  founded  on  an  absolutely 
clear  understanding  of  the  restricted  meaning  of  the  term  "visual 
acuity"  as  used  in  ophthalmic  practice.  This  restricted  meaning  is 
clearly  indicated  in  the  following  sentence  of  Landolt's:  "In  the 
determination  of  that  which  we  in  practice  term  'visual  acuity'  we 
endeavor  to  exclude  as  far  as  possible  the  color  sense  and  the  light 
sense  .  .  .  We,  therefore,  employ  no  colors,  but  only  black  and 
white,  .  .  .  and  a  constant  illumination."  The  measure  of  the 
visual  acuity  is  given  by  the  size  of  the  smallest  visual  angle  under 
which  a  test  object  can  be  perceived,  using  black-white  contrast  and  the 
most  favorable  illumination.  The  only  test  object  whose  dimensions 
can  be  exactly  stated  in  terms  of  a  visual  angle  are  dots  and  gaps 
(minim,  sep.).  Strictly  speaking  the  visual  angle  is  the  angle  at  the 
apex  of  a  cone  with  a  circular  base.  Hence  a  round  dot  is  the  only 
object  whose  dimensions  can  be  stated  with  absolute  accuracy  in  terms 
of  the  visual  angle  subtended.  Under  constant  conditions  of  contrast 
and  illumination  the  visibility  of  a  round  dot  depends  solely  upon  the 
size  of  the  visual  angle  it  subtends.  Therefore  a  round  dot,  black  on 
white  or  vice  versa,  is  theoretically  the  best  test  object  that  can  be  used 
for  the  determination  of  visual  acuity. 

The  dots  are  arranged  in  groups  (see  figure)  and  the  person  tested 
is  required  to  tell  the  number  of  dots  in  each  group.  This  is  a  very 
practical  illiterate  test  and  if  a  series  of  groups,  graduated  so  as  to  be 
distinguished  at  different  distances,  are  prepared,  it  is  applical)h'  to  the 
illiterate  and  to  persons  of  all  nationalities. 

Fridenberg  (Arch,  of  Ophth.,  XXXIX,  p.  227)  has  made  use  of  this 
system  in  what  he  calls  a  stigmometric  card  test.  lie  uses  dots  arranged 
in  groups,  the  visual  acuity  being  shown  by  the  ability  to  count  the 
number  in  each  group.  For  the  near  tests  the  different  groups  corre- 
spond in  visibility  to  the  Jaeger  test  type.    In  the  distance  test,  instead 
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oi  dots,  squares  are  used,  each  s(]uar('  and  iiiterinediate  spaces  corre- 
sponding to  the  Snellen  minimum  separabile  oi"  one  minute ;  the  number 
to  be  counted  in  each  group  varies  from  one  to  five.  Different  arrange- 
ments of  the  same  number  of  dots  or  squares  give  a  wide  variety  to 
the  group  forms;  so  that  only  actual  seeing  of  separate  dots  gives 
indication  of  their  number. 

L.  Wolffberg  in  Graefe's  Arcliiv.  fiir  Oplithiilmologic,  Vol.  77,  p.  401), 
points  out  that  in  using  a  dot  as  test  object  one  complies  with  the 
principles  that  visual  acuity  is  to  be  tested  by  determination  of  the 
power  of  perceiving  an  interruption  of  continuity.    For  a  dot  is  noth- 

•  •       •    •        •  • 

•  •       •*•       •  • 

Simplest  Test  Card. 
(This  series  of  dots  is  large  enough  to  be  counted  at  five  meters.) 

iiig  but  an  interruption  of  the  continuity  of  the  surface  on  which  it  is 
printed.  He  has  constructed  a  table  (see  figure)  in  which  the  test 
o})ject  is  a  cross  consisting  of  four  black  S(iuares  arranged  about  a  white 
square  of  equal  size.  In  one  of  the  l)lack  squares  is  placed  a  white  dot 
whose  diameter  is  one-third  that  of  the  square.  The  person  examined 
*is  required  to  state  in  which  of  the  four  black  squares  the  dot  is 
situated.  Comparative  tests  with  this  table  and  a  very  accurately 
constructed  ring  table  gave  almost  identical  results,  showing  that  the 
two  tables  were  practicallv  e(|uivalent. 

*    *    «    * 

WolflFberg's  Cross- Point  Figure  Test  for  ^  isual  Acuity. 

At  the  International  Ophthalmological  Congress  in  1909  the  report 
of  a  special  committee  was  adopted,  which  recommends  a  mode  of 
expression  for  the  degrees  of  acuteness  of  vision  which  can  be  used  in 
all  languages  and  which  aims  to  give  us  an  official  international  stand- 
ard of  acuity.  The  test  type  endorsed  by  them  is  the  invention  of  E. 
Landolt,  and  he  {Archives  d'Ophtalmologie,  1909)  reviews  this  report, 
lie  states  that  their  report  resolves  itself  into  two  matters,  viz. :  the 
principles  underlying  the  expression  of  the  visual  acuteness  and  the 
type  of  test-material  recommended  by  the  committee. 

On  the  first  point  they  laid  down  six  general  priaciples :  the  test 
'    to  be  based  upon  the  minimum  separabile,  or  the  capacity  to  perceive 
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an  interruption  to  contimiity  ;  tlic  test  to  be  made  by  means  of  a  black 
ring  upon  a  white  ground,  tlit-  ring  to  be  broken  at  one  part  for  a 
space  equal  to  the  width  of  the  limb  of  the  ring,  which  is  one-fifth  of  its 
diameter ;  the  visual  acuteness  to  be  expressed  in  relation  to  the  smallest 
angle  under  which  this  can  he  deciphered,  or  in  other  words  to  the 
maximum  distance  at  which  this  can  ])e  done ;  a  visual  angle  of  one 
minute  to  be  the  standard  of  comi)arison ;  the  mode  of  expression  to  be 

d 
either  in  decimals  or  as  a  fraction  (  v.  =:  —  )  ;  and,  lastly,  the  eye  to 

D 
be  tested  only  at  a  distance  from  the  test  object. 

o  o  c 
o  o  o 
o  o  o 

Lanrlolt's  P.roken   RiTig  Test. 
(Adopted  as  the  international  standard  for  testing  acuity  of  vision.) 

Landolt  expresses  full  concurrence  with  their  decision,  and  satisfac- 
tion that  the  Counnittee  should  have  affirmed  the  principle  which 
regards  the  degree  of  visual  acuteness  as  proportional  to  the  distance 
at  which  the  type  is  recognized,  and  not  to  the  square  of  that  distance, 
as  has  been  advocated  by  some. 

In  the  choice  or  construction  of  the  vision  test  it  is  highly  desirable 
that  the  object  slioukl  l)c  one  not  capable  of  being  merely  guessed  at, 
recollected,  or  ai-i-ivcd  at  by  exclusion,  as  miglit  be  the  case  with  letters, 
which  have  the  furtlier  disadvantage  that  they  are  familiar  to  the 
literate  but  unfamiliar  (and  therefore  more  difificult  to  discern)  to  the 
I'elatixcly  illitei'ate.  The  test  ojjject  should,  in  addition,  be  of  such  a 
charactei'  as  to  re(|uire  oidy  direct  and  simple  answei's,  a  tlesideratum 
which  has  told  greatly  hitherto  in  favor  of  letters  as  tests.  It  is  further 
essential  that  the  exaniinei-  slmuld  lie  able  to  conti'ol  and  keep  a  check 
on  the  replies  of  the  person  examined. 

These  demands  ai'c  all  met  by  the  use  of  the  interi'upted  ring  test, 
for  it  adapts  itself  to  the  })rinciple  of  the  minimum  visibile:  it  is  the 
same  for  all  persons  and  in  all  positions;  i-;icc,  insti'uetion  and  educa- 
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tion  have  little  or  no  influence  ou  its  efficiency.  Question  and  answer 
are  of  the  simplest,  for  a  slight  movement  of  the  hand  will  show  the 
position  of  the  aperture,  and  the  whole  is  so  readily  regulated  by  the 
examiner,  who  can,  if  he  wishes,  rotate  the  ' '  type ' '  into  different  posi- 
tions without  any  change  in  its  aspect  or  in  its  meaning  or  its  visibility. 
On  these  grounds,  both  theoretical  and  practical,  the  interrupted  ring 
test  object  has  commended  itself  highly  to  the  Committee. 

Secondly,  the  scale  recommended  has  great  advantage  in  its  sim- 
plicity. One  can  either,  using  one  size  of  type,  discover  the  maximum 
distance  at  which  this  is  visible  to  the  patient,  or,  employing  objects 
of  different  size,  place  the  patient  at  a  certain  fixed  distance.  The  latter 
is  naturally  the  method  practically  always  adopted,  and  to  represent 
the  acuteness  of  vision  enjoyed  one  employs  the  scale  of  0.1  up  to  1.0 

d 
or  2.0.     It  is  constructed  on  the  basis  of  v.  =  — ,  d  being  the  distance 

50 
at  which  the  patient  reads  the  "letter." 

Landolt  criticises  very  unfavorably,  however,  the  action  on  the  part 
of  the  Commission  of  placing,  side  by  side  with  the  proper  test  object, 
Arabic  figures  constituting  a  second  test.  Now  whatever  argument 
can  be  brought  forw^ard  against  letters  applies  with  even  greater  force 
against  figures  (numerals)  :  they  are  less  familiar  than  letters  to  the 
majority  of  persons,  and  even  if  they  are  in  general  terms  international 
the  precise  form  of  the  numeral  is  certainly  not  universally  identical, 
the  figures  by  no  means  carry  out  the  principle  of  the  minimum 
separabile,  and  they  are  not  equally  clearly  visible  even  under  the  same 
visual  angle.  They  may  be  convenient  as  mere  test  objects,  but  are 
without  value  from  a  scientific  point  of  view. 

It  is  to  be  hoped  that  the  broken  ring  test  will  become  more  and 
more  generally  used  and  finally  be  understood  by  all  ophthalmologists 
as  the  scientific  standard  for  testing  visual  acuity. 

The  popular  method,  however,  and  the  one  which  no  doubt  will 
always  continue  in  use  for  daily  consulting-room  practice,  is  the  use 
of  the  same  cards  of  test-letters  employed  in  making  the  test  lens 
examinations. 

Edward  Jackson,  in  an  article  read  before  the  Section  on  Oph- 
thalmology at  the  Sixty-Fifth  Annual  Session  of  the  Am.  Med.  Assn. ' 
stated  that  the  cards  of  test-letters  in  common  use  are  admirably 
adapted  to  the  subjective  determination  of  errors  of  refraction ;  but  as 
a  test  for  visual  acuity  they  proliably  afford  the  poorest  and  most 
inexact  standard  on  which  any  scientific  observations  are  now  based. 
As  a  standard  for  visual  acuity,  test-letters  belong  to  the  stage  of 
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lueiital  and  scientific  develop nieut  when  the  standard  for  length  was 
"three  full  grains  of  barley  corn  taken  from  the  middle  of  tlie  ear," 
or  "the  distance  a  man  can  walk  between  sunrise  and  snnset. " 

As  a  help  in  the  subjective  measuring  of  refraction  they  are  superior 
to  any  substitute  that  has  been  proposed  and  are  not  likely  to  be  given 
up.     But  as  a  scientific  standard  they  possess  two  essential  defects: 

1.  The  ditferent  letters  when  made  as  uniform  as  possible  are  visible 
from  very  different  distances.  This  makes  them  unsuitable  for  a  scien- 
tific standard. 


The    Grow   Unlearnablc    Test    Card. 


2.  They  can  be  readily  committed  to  memory  by  all  who  are  suffi- 
ciently familiar  with  them  to  make  them  a  convenient  test.  This  lessens 
their  value  as  a  practical  test. 

To  set  oft'  this  latter  objection,  (Irow  {U.  S.  Naval  Med.  Bull.,  July, 
1911)  has  devised  what  he  calls  an  unlearnable  test-card  (see  illustra- 
tion). It  has  six  lines  of  letters,  ten  in  a  line,  conforming  to  the  Snellen 
standard  of  20  feet,  and  three  lines  of  smaller  lettei'S.  This  card  is 
hidden  except  as  a  part  of  a  single  row  of  letters  is  revealed  through 
a  vertical  or  liori/ontal  opening;  not  even  the  examiner  himself  can 
know  what  letters  are  exposed  except  by  actually  reading  them. 

A  test  type  cabinet  on  somewhat  flic  s;iiiie  principle  has  been  invented 
by  Cha.s.  Wray.  Tt  consists  of  a  com])act  })edesfal  on  one  side  of  which 
are  mounted  s(|uare  l)l(>cks,  set  in  holes.  Tliese  l)locks  are  so  ])ivot('(l 
that  tliev   mav  be  tui'ticd   with   cither  one  of   fonr  faces  extci'nal   and 
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as  all  ol'  tiK'Sc  lour  faces  contain  tlitlVrcnt  letters  printed  on  their 
surfaces,  it  is  possible  for  the  examiner  to  expose  an  innumerable  num 
ber  of  combinations  to  the  patient. 

The  most  universally  used  test  is  that  suggested  by  iSnellen.  The 
letters  used  are  of  various  sizes,  so  constructed  as  to  subtend  an  angle 
of  five  minutes  at  the  distance  at  which  they  should  be  seen  by  the 
normal  eye.  Each  part  of  the  letter  and  each  space  are  equal  to  one- 
fifth  of  the  whole  and  subtend  an  angle  of  one  minute.  The  largest 
letter  is  of  such  size  that  it  should  be  read  at  200  feet,  or  60  meters, 
and  those  following  decrease  in  size  so  that  they  should  be  read  at  100, 
70,  50,  40,  30,  and  20  feet,  or  their  corresponding  values  in  meters, 
respectively. 


.W^.- 


The  Combinations  Test  Type  as  Suggested  by  Chas.  Wray. 

Each  eye  should  be  tested  separately,  and  the  result  expressed  by  a 
fraction  in  which  the  numerator  corresponds  to  the  distance  the  patient 
is  seated  from  the  test  type  and  the  denominator  the  distance  at  which 
the  letters  should  be  read  by  the  normal  eye. 

If  the  patient  seated  at  twenty  feet  from  the  test  type  reads  the 

20 
letters  numbered  20,  then  v.  ^ —  or  is  normal.     If  he  cannot  read 

20 
smaller  letters  than  those  numbered  50  (letters  which  should  be  seen 

20 
by  normal  eye  at  50  feet ) ,  v.  =  — . 

50 
If  the  patient  seated  at  twenty  feet  is  unable  to  read  the  large  letter 
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which  should  be  seen  at  200  feet,  he  walks  toward  the  chart  until  the 
distance   is   reached   at   which  he   reads  this  largest  letter.      If,   for 

10 
example,  it  is  ten  feet,  then  v.  = ,  the  numerator  being  the  farthest 

200 
distance  from  the  chart  at  which  he  can  read  the  largest  letter. 


UZiM- 

OEM  0  H  c 


AR3       P5X       8DN 


ZH2        F6A        VC9        OMC 


P  If  B 


V     T     S  K lY 


Landolt's   Tost   Typos. 

Many  modifications  of  llic  Snellen  test  types  have  l)een  suggested. 
One  card  is  made  witli  I  he  letters  white  and  the  background  black. 
Landolt  lias  (Icsigiicd  a  chart  which,  while  somewhat  i-e.s<Mnl)liiig  the 
Snellen  eliai-t.  i.s  based  oti  the  Laiidolt  broken  ring  test  (see  illus- 
tration). 
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The  "Alternating''  test  card  of  Meyrowitz  consists  of  a  heavy  card- 
board chart  mounted  in  an  oak  frame.  The  lines  below  the  70  feet 
appear  tlirough  openings  in  the  front,  and  either  of  the  two  sets  may  be 
made  to  appear  by  means  of  a  pnll  on  the  lifting  device  through  the 
cord  and  handle. 


m  m  m  WL 

F  Z  B  S  E 

O  B  C  Z  X  S 


Test  Chart  with  White  Letters  on  Elai-k 
Background. 


£j  P  @  R  E  B  Z 

Moorfiehls  Test  Types. 


The  Kuparoid  test  type  is  a  transparent  type  that  can  be  mounted 
on  glass  by  merely  first  soaking  the  chart  in  water,  and  then  smoothing 
down  until  air  bubbles  are  removed. 

By  mounting  this  type  on  a  window  pane,  the  uniform  natural 
illumination  of  daylight  is  secured,  leaving  the  test  letters  in  sharp 
relief. 
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•^       ♦        ♦         ♦        O 

7 

Seitz  Test  Cliart  for 
Children  and  Illiter- 
ates. 


2i< 

i^  n  D 


D  11/  H  n 

if  n  y  3  3 

p  "?  N  n  »  o 

H  »  a  T  n  "5  n 


5  8 

2  4  6 

9  3  S  0  B  40 

O  B  3  e  B  4  30 

■  e4aa«»»aa 

w 

••■■■«aa«sasv 

E.B.MEYROWITZ 

^ 


Wolbart's    Hebrew    Test         Snellen's    Test    Chart    of 
Type.  Numbers. 


o  a  •  X 

ffl     H     1-    Jl. 

"X    T    -rt    «    ©  " 
t    *    i^    o    w  ^ 

m     w    X     *     o     r     ik' 

"XT««,»  *0* 


M 

JO 

JO 

1) 

I X  c  V  r  f- 

®  ©  C  V 

1 Z  A  O  T  H  !'"» 

1  E  A  TF 

|r  T  E  V  L  c)  •*• 

f:^  lssido 

(c  L  V  r  O  T  z  b1    *"• 

IPOS  TELr 

A VC  OOK  YM 

1 1      ^" 

Wciiilcll    Keber's    Kinfl»T;.'ai tdi 
Test    Chait. 


Alteniatiii'T   Test   (an 
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This  is  a  most  valuable  accessory  for  hospitals  and  schools.  The 
letters  are  tiuite  opaque  and  the  chart  is  not  affected  by  atmospheric 
changes. 

The  letters  are  also  arranged  with  complementary  colors  of  red  and 
green  as  a  binocular  vision  test. 

Boettcher  has  invented  a  series  of  what  he  terms  geometrical  test- 
types.  In  addition  to  German  (Gothic)  reading  tests,  these  contain 
sets  of  square  figures  with  a  notification  of  the  distance  at  which  the 
figures  of  each  size  may  be  recognized  and  counted  by  a  normal  eye. 
The  objection  to  these  tests  is  that  it  is  not  stated  what  is  assumed  to 
be  the  normal  standard  of  vision. 

In  those  affections  that  reduce  the  light-,  color-  and  form-perception 
capacity  either  of  the  retina,  optic  fibres,  central  radiations  or  visual 
centers,  but  especially  in  the  early  stages  of  optic  atrophy  or  in  certain 
forms  of  chorio-retinitis,  the  ordinary  letters  (or  other  characters  of  the 
black  and  white  test-types)  may  show  that  the  patient  has  normal  or 
nearly  normal  vision.  Bjerrum  has  suggested  that  in  suspected  cases 
of  this  sort  the  visual  acuity  be  also  measured  with  black  letters  (or 
other  characters)    with   a  gray  or  gray-brown   background.      In   the 

6 
normal  individual  the  central  volume  will  be  almost  as  good  —  as 

9 
with  the  more  clearly  printed  black  on  white,  but  those  with  retinal 

6 
or  optic  nerve  disease  will  show  vision  reduced  to  —  or  even  less, 

18 

Sherman  {Trans.  Amcr.  Ophth.  Soc,  XII,  II,  p.  658)  calls  atten- 
tion to  the  use  of  diffraction  gratings  placed  with  a  variable  obliquity 
to  each  other,  so  that  they  give  rise  to  alternate  bands  of  light  and 
dark.  These  have  been  used  as  a  laboratory  test  by  Dr.  Ives.  With 
uniform  illumination  the  perception  of  the  alternating  bands  becomes 
a  constant  test  for  visual  acuity.  The  direction  of  the  bands  can  be 
varied  and  used  to  check  the  answers  of  the  person  tested. 

Weiss  has  made  a  pocket  test  type  (see  illustration)  which  con- 
tains eight  different  Landolt  broken  rings  and  can  be  folded  into  a 
very  small  space. 

In  case  the  examining  room  is  not  of  sufficient  length  to  allow  the 
patient  to  be  the  proper  distance  from  the  card,  the  distance  may  be 
doubled  by  using  a  mirror  to  reflect  the  test  card  into  the  patient's 
eyes.  In  this  case  reversed  letters  are  required  and  a  chart  is  shown 
with  letters  so  arranged. 

J.  N.  Rhoades  {OpJdhalmolocjjj,  July,  1912)  in  an  article  on  the  use 
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of  mirrors  to  leugthen  the  distance  of  the  test  card  from  the  patient, 
says  that  during  the  last  few  years  there  has  been  a  growing  tendency 
among  refractionists  to  get  awaj^  from  the  classic  six  meter  distance 
of  test  cards.  Some  operators  have  suggested  twelve  meters,  and  a 
few  even  eighteen.  ]\Iost  refractors  find  it  next  to  impossible  to  place 
their  cards  even  twelve  meters  away  on  their  own  territory.  Hence, 
some  have  gone  so  far  as  to  get  permission  to  erect  cards  in  their 
neighbors'  windows;  or,  defying  the  elements,  have  placed  them  on 
their  neighbors'  outside  walls. 

It  will  be  seen  by  following  the  accompanying  diagram  that  eighteen 
meters  can  be  obtained  by  hanging  an  ordinary  test  card  on  the  wall 
of  a  twenty-foot  room.     If  a  favored  operator  has  a  thirty-foot  room 


Landolt's  Portable  Fokling  Pocket  Test  Types. 

he  can  project  his  test  cards  27  meters  away,  or,  as  it  were,  across 
the  widest  street.  It  is  true  that  most  of  tiie  cards  would  be  useless 
at  that  distance,  as  not  more  than  "D.  L.  N."  in  tlic  old  "E"  card 
could  be  seen  that  far  away. 

There  are  many  refractors  wlio  do  not  have  rooms  whicli  are  even 
six  meters  long.  It  is  to  these  th?>t  the  catoptric  system  of  projecting 
the  test  card  is  a  necessity-.  Tiic  fact  of  the  matter  is,  that  a  room 
six  feet  square  will  answ<  r  jHlniirahly  for  refraction  by  the  use  of 
two  mirrors.  Of  course,  a  cai'd  in  such  a  small  room  would  need  to 
be  artificially  illuminated,  hut  it  will  he  found  that  such  a  card  will 
be  twice  reflected  by  min-ors  i)racti('ally  without  reducing  the 
illumination. 

It  is  a   well-known    faei    That   in   a   room   ten    feet   wide  one  mirror 

will   throw   a   eacd    which    has   I ii    placed    on    the   opposite   wall,   ten 

feet  hack  of  il.  This.  1o  he  sure,  phices  llie  r:\V<\  1welit_\'  f(>et  ill 
front  of  the  palieiit.  luil.  ,ill  arc  ;i\\;ir.'  that  there  must  he  a  special 
card  used,  owin^'  to  lateral  in\(i'sion.  The  rodin.  too.  as  has  heeii 
said,  must  he  at  least   ten   feet    wide,  while  with   two  mii'rors  any  si/.e 

\„\.  VI     4'J 
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room  down  to  four  or  five  feet  will  do,  and  any  ordinary  test  card 
will  answer  the  purpose. 

Glancing  at  the  diagram  it  will  be  noticed  that  the  test  card  has 
been  thrown  thrice  its  distance  in  front  of  the  patient.  It  goes  with- 
out saying,  that  this  distance  applies  to  any  size  room  and  to  most 
any  distance  desired.  The  accompanying  cut  has  been  drawn  to  scale 
to  represent  a  room  seven  feet  sciuare,  which,  allowing  for  the  com- 
fortable seating  of  the  patient,  places  the  "E"  card  just  twenty 
feet  in  front  of  him.  Describing  the  illustration,  it  is  barely  neces- 
sary to  say  that  mirror  Xo.  1  throws  a  lateral  inverted  image  of  the 
test  card  "E''  No.  1  behind  it  equal  to  its  distance  before  it,  as  seen 
at  "E"  No.  2.  Now,  mirror  No.  2  throws  this  lateral  reversed  card 
"E"  No.  2,  which  is  fourteen  feet  in  front  of  it,  back  to  "E"  No. 
3,  as  seen  in  the  left  of  the  cut,  which  is  fourteen  feet  back  of  No.  2 
glass.  It  will  be  noticed  that  "E"  No.  3  is  erect.  It  will  also  be 
seen  that  the  patient  is  sitting  approximately  six  feet  in  front  of  No. 
2  mirror,  which  added  to  the  fourteen  feet  the  card  is  behind  the 
mirror  makes  it  just  twenty  feet  away  for  the  testing  distance. 

The  test  most  used  for  illiterate  patients  is  that  made  up  of  figures 
resembling  the  Snellen  "E."  These  figures  are  turned  in  different 
directions  (much  as  the  Landolt  rings)  so  that  the  openings  point 
either  up,  down,  left,  or  right. 

An  instrument,  which  he  calls  an  acutometer,  for  testing  the  acute- 
ness  of  vision  independently  of  the  recognition  of  letters,  has  been 
devised  by  Black  {Ophthalmoscope,  IX,  p.  7724).  On  a  white  ground 
is  shown  a  black  stripe  the  width  of  which  can  be  varied.  This  line 
is  interrupted  by  two  white  squares,  the  position  of  which  can  be 
changed.  The  test  is  made  by  finding  the  narrowest  stripe  and  small- 
est squares  visible  by  good  light,  at  a  known  distance.  An  index  on 
the  instrument  indicates  the  distance  at  which  they  should  be  just 
visible  to  the  normal  eye. 

An  object  test  card,  or  kindergarten  card  for  visual  tests  has  been 
devised  by  Reber  {Jour.  Am.  Med.  Ass'n,  December  16,  IHll,  p.  1993), 
using  objects  likely  to  be  recognized  by  ynuii<r  cliiliiivn,  and  con- 
forming as  nearly  as  practical)lc  to  the  test  letters  used  at  (i  meters. 
liouchart  {L'Ophf.  I'nn-.,  \'\\\.  \>.  Kil  )  has  presented  a  seiies  \'i)v 
which  he  claims  a  normal  progression  by  more  regidar  intervals  than 
others  in  use,  api)roached  most  nearly  by  that  of  Parinand. 

Maddo.x  advises  a.  test  card  in  whidi  tln'  1enMin;il  or  initial  letters 
indicate  the  distance  at  which  tliey  should  he  visible  [Opiiiliahnosvopt  , 
X,  p.  322).  His  series  begin  with  the  letters  "V"  and  "X."  which 
he  points  out  are  most  valuable  in  detecting  (tbliciue  astigmia,  but   a 
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single  letter  of  each  size  is  given  nntil  tlie  last  line  or  two.  This 
allows  the  patient  to  read  (|nit'kly  down  to  the  working  line.  The 
same  ideas  have  been  woi'ked  out  in  his  series  of  near  test-type.  On 
this  eard  are  also  placed  two  of  the  Landolt  broken  rings,  four  sets 
of  parallel  lines  to  test  astigniia,  and  two  spots  of  green  to  test  for 


One  of  the  Sinijilest  Methods  of  Illuiuiiiatiug  Test  Charts. 

color  scotoma.     The  card   is  one  that  can  be  readily  carried  in  the 
pocket  and  used  in  the  patient's  home. 

Pardo  (La  Clin.  OniL,  XI 1.  p.  565)  has  tested  the  effect  of  looking 
at  test-txpc  ()bli(|iicly.  This  causes  distortion  of  the  letters,  and 
diminishes  the  ;ii-c;i  of  tlic  lypc.  in  proportion  to  tlie  cosine  of  the 
angle,  that  the  \isiial  line  makes  with  the  chart.  lie  finds  that  the 
diminution  in  visihility  depends  chiefly  on  diminution  of  area,  the 
distortion    of   the    letters   making   litth'   difference.      Thus,    when   the 
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angle  was  15  degrees  (75  degrees  from  the  pei-i»eii(li('ular)  the  acuity 
was  reduced  to  5/12.  The  decrease  in  area  of  tlie  image  wouhl  aceount 
for  its  reduction  to  6/12,  leaving  only  1/12  due  to  distortion. 

For  the  recognition  of  inequality  of  visual  acuity  in  the  two  eyes, 
Martin  {Rec.  d'Opht.,  XXXIIJ,  p.  119)  finds  the  deviation  of  the 
amblyopic  eye  on  near  fixation  both  convenient  and  reliable.  The 
point  of  fixation  being  brought  toward  the  eye,  one  or  the  other  pres- 


/imnlllliniil 


MoitiiiKM'    Flunk's    l';iral)()li(;'   Keflei-tor   for  Ilhimiiiating-   Test   Types. 


"Opticians'    Hefioftor "    fm-    I  llnininatin<;    Test  Types. 

ently  deviates.  He  found  this  w;is  iilways  the  amblyopic  eye,  even 
in  cas<-s  in  which  the  difference  of  acuity  was  only  l/lo. 

The  system  for  tif/lifinf/  f(st  charts  is  of  great  importance,  for  it 
can  be  readily  seen  that  the  same  illumination  should  be  used  in  every 
case.  One  of  the  simplest  loi'ms  (see  illusti'ation  )  consists  of  a  wall 
bracket  efiuipjx'd  with  an  electi'ic  bulb  and  reflectoi',  so  arranged  that 
the  light  is  thrown  directly  on  the  card. 

Stargardt  has  chosen  a  Xei-nst  lamj)  for  this  purpose,  which  tlirows 
an  illumination  of  400  candle  j)ower-.     This,  he  stales,  gives  a  coustaut, 
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equal  ilhiiniiiation  and  also  avoids  the  clTcc^t  of  glare  from  the  baek- 
ji'rouiid. 


Test  Card  Cabinet  with  Reflector  as  Used  in   Wills'  Eye  Hospital. 

A  more  uniform  standard  for  the  illumination  of  test  types  has  been 
sought  by  C.  H.  Williams.  A  simple  photometer  has  been  devised  by 
him,  consisting  of  two  developed  glass  negatives,  cut  in  strips  about 
six  inches  long  by  three-fourths  of  an  inch  wide,  placed  face  to  face 


EXAMINATION  OF  THE  EYE 


4657 


and  niouuted  in  a  metal  case.  The  film  on  each  negative  increases 
in  density  in  geometrical  ratio  from  a  clear  end  to  the  opposite  end, 
which  is  densely  shaded.  This  photometer  slides  in  a  metal  case 
that  has  a  sighting  hole  punched  through  both  sides  of  it.  This  case 
is  held  with  the  hole  in  front  of  the  eye  and  the  glass  slide  drawn  out 
so  that  denser  and  denser  portions  are  looked  through  until  the  light 
to  be  tested  is  just  extinguished.     These  photometers  have  been  care- 


Meyrowitz   Mirror    Caliiiiot    for   Test    Cards. 


fully  graduatetl  at  the  Ilai-vard  (.'ollege  Observatory,  to  confonn  to 
those  u.sed  in  astronomical  work. 

Mortimer  Frank's  system  of  parabolic  reflection  (see  illustration) 
for  illuminating  test  types  is  constructed  on  scientific  principles  and 
affords  a  most  even  and  perfect  illumination. 

The  Opticians'  Reflector  (see  illustration)  is  much  in  use,  but  tbe 
lighting  is  not  uniform  and  the  lower  lines  of  tbe  chart  receive  iiioi-c 
brilliant  illumination  than  those  at  the  toj). 

The  test  card  with  reflector  as  used  in  Wills  Kyv  Hospital  (see  cut) 
is  a  very  successful  arrangement.     It  consists  of  si.x  of  the  mo.st  poi)U- 
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lar  (listiint  tt'st  eurds  on  cxtrji  stirfciicd  lioiii-ds  with  iiutiihfn'd  leather 
pulls  for  adjusting  the  card  to  ati\'  position  desired,  where  it  is  held 
hy  the  compensatinjj;  weii^lit  attached  1o  each  card.  The  new  style 
shell  lijjht,  eontainin<i:  two  tuhuJai-  electric  lanii)s  encased  in  a  black 
metal  box  lined  with  nnrrors,  ])roduces  an  even  and  bright  illumina- 
tion on  the  entii'c  length  of  the  card  through  its  ground  glass  window. 


Black's  Testing   Cabinet  No.    1. 

The  Meyrowitz  mirror  cabinet  (see  illustatioa)  consists  of  an  open 
box  containing  the  test  type  set  in  a  frame  of  mirrors  4  inches  deep, 
and  the  illumination  is  by  a  20-C.P.  tantalum  lamp.  The  light  from 
the  lamp  is  perfectly  diffused  by  the  mirrors  and  the  card  is  evenly 
and  softly  illuminated  as  with  daylight. 

Nelson  M.  Black  has  devised  two  rather  elegant  testing  cabinets. 
Cabinet  No.  1  (see  illustration)  is  21  by  32  by  ly^  inches,  and  is 
painted  dead  black.  The  left  half  is  divided  into  seven  compartments. 
The  upper  contains  an  astigmatic  chart,  the  next  two  compartments 
contain  letters  for  6/VlI  i/.  vision;  the  next  three  have  6/VI  letters 
and  the  last  6/V.  The  right  side  has  four  compartments.  The  upper 
contains  letters  for  6/LX,  6/XXX  and  6/XX  vision,  the  second  com- 
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partiufiit  letters  for  6/XV,  6/Xll  ;iiul  G/X  vision,  the  next  eoiupnrt- 
iiieiit  6  XII  letters.  Tlie  fourth  coinpartment  is  titted  with  an  iris 
diaphragm  for  niusele  testin<i-  and  Williams  lantern  for  testing  color 


I'.|;i.k  "s  'I'cstiiijr  Caliini't   No.  2. 

vision.  The  inside  is  whitt-  enameled  and  tlie  eonipai't meiils  divided 
hy  means  of  Iti'iglit  tin.  which  refract  ami  retleet  tlie  liirlit  t  horoui,'hl  y. 
The  large  eompar-tments  are  li^dited  with  two  lO-e.p.  incandescent 
lamps,  the  next  smaller  eompartment  with  one  16-e.p.  lamj),  and  the 
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small  divisions  with  one  10-c*.p.  lamp  each.  The  lamps  illuminating 
the  various  compartments  are  each  turned  on  and  off  by  a  switchboard 
at  the  operator's  side.  The  intensity  is  regulated  by  a  rheostat,  so  that 
the  illumination  may  be  controlled  at  will.  The  type  in  each  compart- 
ment is  separate  and  distinct  from  that  in  the  other  compartments  and 
the  letters  are  black,  painted  upon  opal  glass,  in  accordance  with  the 
most  approved  measurements.  Cabinet  No.  2  (see  cut)  is  made  with 
an  iron  standard  to  place  on  the  floor,  or  with  brackets  by  which  it 
may  be  attached  to  the  wall.  A  wooden  frame  holding  four  different 
porcelain  test  types,  inside  of  which,  so  as  to  evenly  illuminate  the 


No.  1050. 
The  Hardy  "20th  Century  Testing  Cabinet." 

type,  are  placed  electric  lights.  The  cabinet  revolves,  bringing  a  dif- 
ferent type  into  view  at  the  will  of  the  operator.  It  is  supplied  with 
a  wheel  controlled  by  a  cord  that  runs  back  from  the  cabinet  to  the 
operator,  so  that  the  type  may  be  revolved  without  his  leaving  his  seat. 

The  "Hardy  20th  Century  Testing  Cabinet"  has  the  advantage  of 
enabling  the  operator  to  expose  only  one  line  of  type  at  a  time  to  the 
patient  without  moving  from  his  seat,  thus  doing  away  with  the  pos- 
sibility of  misunderstanding  as  to  what  the  patient  sees. 

The  cabinet  itself  is  made  of  wood  with  a  dead  black  finish,  and  is 
hinged  at  the  top  so  that  the  inside  may  easily  be  gotten  at  to  change 
lights,  charts,  etc.  The  one  end  of  the  strip  of  paper  on  which  the  type 
is  printed  is  fastened  in  a  clip  on  a  roller  and  the  other  end  is  fastened 
on  a  duplicate  roller  on  the  other  side  of  the  opening.  These  rollers 
are  controlled  by  counterweights,  permitting  the  chart  to  be  stopped 
at  any  point  without  fastening  in  any  way.     The  type  may  then  be 
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exposed  in  front  of  the  opening,  as  desired,  by  a  eord  operating  the 
roller.  This  cord  may  be  placed  wherever  desired  and  the  cabinet 
operated  from  any  part  of  the  testing  room.  The  cabinet  is  made  in 
two  styles — first,  wired  for  electricity,  and  second,  with  an  extension 
back  into  which  a  kerosene  lamp  may  be  fitted.  The  cabinet  is  sup- 
plied with  English,  German  and  illiterate  type,  in  addition  to  the 
color  testing  device  and  muscle  test. 

The  Rogers  Cabinet  (see  illustration)  is  equipped  with  a  switch- 
board controlling  the  liglits  for  the  various  lines  and  tests.  Any  one 
or  all  of  the  openings  can  be  illuminated  as  desired. 


TIio  KogiM's   Cabinet. 

The  left  hand  side  of  the  cabinet  contains  three  openings,  the  upper 
one  being  a  preliminary  test  to  get  the  visual  acuity  of  the  patient. 
Next  in  order  comes  the  astigmatic  dial  and  imisdc  and  railroad  tests, 
with  iris  diaphragm.  The  right-liand  side  contains  seven  openings, 
all  separately  illuminated.  The  six  smaller  ones  have  duplicate  lines 
of  type  which  can  he  inslantly  di'ctpixMl  in  of  ont  of  position  when 
desired.  After  ascertaining  by  means  of  the  preliniinaiy  tt'st  tyi)e  the 
visual  acuity,  the  proper  line  of  type  on  the  right  side  of  the  cabinet 
can  be  illnminatcd  for  the  coniplction  of  the  test.  The  I'aili'oad  test 
contains  a  slide  with  I'cd  and  gi'ccii  ylass  foi-  niakinu  the  dilTrrcnt 
color  tests. 

The  outside  dimensions  of  this  cabinet  are  2i)  by  ."{0  by  7  inches. 
Size  of  switchboard  is  10  by  (Si  ^.  by  4  inches.  The  cable  is  about  1  inch 
in  diameter,  and,  as  mentioned  atxive,  can  be  made  any  desired  length. 

Seligmann  has  eon.strncte(i  the  following  apparatus:  Nine  dilTerent 
sizes  of  Sehweigger's  test  types  ai-e  painted  on  milk  glass,  which  can 
be  easily  kept  clean  and  allows  of  a  uniform  illumination.  The  larger 
letters   ai'e   arranged    in   a    I'ircle.   the   smaller   oni's   in    two   concentric 
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c'irt'k's.  'I'licy  jirc  pliict'd  on  r('V()lviii<j:  discs  in  a  fiat  box  with  nine 
round  lioli  s,  which  can  he  covci-cd  hy  lids.  The  singU^  types  can  be 
iiKuh'  to  appeal-  in  the  lioles  in  i-apid  succession.  The  illumination  is 
furnished  by  electric  lanii)s  l)eliind  the  discs. 

When  the  patient's  vision  is  so  poor  that  he  is  unable  to  recognize 
the  large  letter  at  any  distance,  the  distance  is  obtained  at  which  he  is 
able  to  count  the  examiner's  fingers  lield  against  a  black  background. 
Suppose  he  is  able  to  do  this  at  ten  inches  or  twenty-five  centimeters, 
then  V  =  ■'counting  fingers"  at  that  distance.  If  he  is  unable  to 
count  fingers,  the  hand  is  moved  in  different  directions  in  front  of 
the  eye,  and  the  patient  reciuired  to  tell  in  what  direction  it  is  moved. 


Worth's  Ball  Visual  Test  for  Young  Children. 


If  he  is  a])le  to  do  this,  V  ^  hand  movements.  If  there  is  inability  to 
distinguish  hand  movements,  the  eyes  are  alternately  covered  and  un- 
covered, and  if  he  is  able  to  perceive  the  difference  between  light  and 
darkness,  V  =   light  perception  (p.  1.). 

Apart  from  its  scientific  interest,  it  is  often  of  great  practical  im- 
portance to  be  able  to  estimate  approximately  a  young  child's  visual 
acuity.  Worth  accomplishes  this  by  means  of  five  ivory  balls  varying 
in  size  from  one-half  inch  to  one  and  one-half  inches  in  diameter.  The 
child  is  first  allowed  to  handle  the  balls  with  both  eyes  open.  Then 
one  eye  is  covered  by  a  pad,  or,  if  he  wears  glasses,  by  a  piece  of 
cotton  wool  stuffed  behind  the  lens.  He  is  then  asked  to  go  and  pick 
up  the  balls  as  they  are  thrown  on  the  floor  to  a  distance  of  six  or 
seven  yards,  one  by  one,  beginning  with  the  largest.  By  spinning  the 
ball  in  the  fingers  as  it  is  thrown,  it  may  be  made  to  "break"  on 
touching  the  floor,  so  that  it  does  not  go  quite  in  the  direction  in  which 
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it  appeared  to  have  I)een  tlii'own.  It  is  easy  to  tell,  by  the  way  in 
which  the  child  runs  for  tlie  l)all,  whether  he  really  sees  it  before  he 
starts  or  is  only  going  to  look  for  it. 

Black  has  described  a  method  especially  designed  for  testing  the 
visual  acuity  of  railroad  men  (see  illustration).  The  set  consists  of 
five  cards,  representing  a  20-foot  standard  semaphore  pole  and  arm 
seen  at  one-half  mile  (2,640  feet),  with  actual  colors  for  the  "Dis- 
tance" and  "Home"  signals,  and  placed  on  a  neutral  grayish  back- 
ground which  corresponds  to  the  average  tint  of  the  horizon.  By  the 
aid  of  these  charts  one  is  able  to  .judge  almost  exactly  as  to  the  practical 
value  of  the  eye-sight  of  the  individual. 

The  advisability  and  necessity  of  examining  the  eyes  of  children 
attending  the  public  schools  is  now  generally  recognized  by  principals 
and  teachers  everywhere. 

Frank  Allport  has  proposed  a  test  card  wiiich  furnishes  a  simple 
method  whereby  the  eyes  of  each  pupil  may  be  quickly  examined  by 
the  teacher,  a  record  made,  and,  if  an  apparent  defect  exists,  the 
parents  notified.  This  system  has  been  annually  employed  in  many 
cities  of  this  country,  and  is  rapidly  being  adopted  by  boards  of  edu- 
cation throughout  the  United  States  and  other  lands.  See  Vol.  V,  p. 
3204  et  seq.  in  this  Encyclopedia,. 

For  making  these  tests  a  card  of  test  letters  has  been  planned,  with 
complete  instructions  on  each  card.  These  cards  are  printed  upon  6- 
ply  Peerless  board,  11  by  27  inches,  with  a  metal  eyelet  hole  for  hang- 
ing. The  lower  section,  or  that  part  of  the  card  containing  instruc- 
tions and  information  regarding  their  use,  is  made  so  as  to  readily 
be  detached  from  the  main  body  of  card. 

The  object  of  this  is  to  allow  the  examiner  to  have  before  him  these 
instructions  while  examining  the  pupil,  with  the  test  letters  hanging  at 
the  proper  distance  on  the  wall. 

A  time-saving  device  to  be  used  on  all  test  cards  has  been  suggested 
by  Holbrook  Lowell.     It  consists  of  a  strip  of  gummed  green  paper, 

20 
1  cm.  wide,  is  pasted  just  below  the  —  line  on  the  test-type  card,  and 

50  20 

a  strip  of  gummed  red  paper,  1  cm.  wide,  just  below  the  —  line.     It  is 

30 
found  that  patients  usually  will  voluntarily  say  that  they  can  read 
the  letters  either  above  or  below  the  red  or  green  line.  There  is  no 
confusion  when  you  ask  a  patient  to  read  either  just  above  or  just 
below  one  of  the  colored  lines.  Experience  shows  that  these  colored 
lines,  besides  fixing  the  patient's  attention  on  the  letters  you  wish 
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him  to  read,  give  a  useful  hint  as  to  the  patient's  eolor  perception. 
By  eoiuparison  with  the  newer  test-type  eards,  having  lines  indicated 
by  the  large  numbers,  it  has  been  found  that  this  device  of  the  colored 
lines  is  very  much  less  confusing  to  the  average  patient. 

In  testing  near  vision  the  patient  is  seated  in  a  good  light  and  each 
eye  is  tested  separately.  Useful  test  types  consist  of  the  various 
sizes  of  ordinary  printer's  type,  technically  called  Jaeger's  test  types, 
the  smallest  corresponding  to  diamond  print.  More  scientific  and 
accurate  are  those  corresponding  witli  Snellen's  distance  types.     The 


VISION  CHART        FOR  SCHOOLS 
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Allport's  A'^ision   Chart  for  Scliools. 


former  are  numbered  1,  2,  4,  etc.,  according  to  the  size  of  the  type. 
If  these  are  used  and  the  patient  reads  the  finest  print  at  the  ordinary 
reading  distance,  10-13  inches,  V=Ji;  if  he  reads  that  numbered  4, 
V=Jiv,  etc. 

]Many  modifications  of  the  Jaeger  types  have  been  proposed.  One 
of  the  most  useful  of  these  is  that  in  which  all  the  letters  are  capitals. 
For  children  and  poorly  educated  iiulix  idiials  it  is  of  much  value. 

A  test  of  value  in  estimating  the  near  vision  of  a  nnisician  is  made 
up  of  difit'erent  si/ed  bars  of  nnisic  (see  cut). 

Another  original  chart  is  also  shown  consisting  of  common  fractions 
of  different  sizes. 
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The  Jaeger  and  Snellen  Test  Type  for  Testing  Xenr  Vision. 
Near  Vision  Test  Types. 
(This  test  is  convenient  for   examining  musicians   as   to   their   ability  to   read 
music  at  various   distances;    the  four  selections   comprising  the   four   most   com- 
mon sizes  of  music  type.) 
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E.O.MEYROWITZ 

Near  Vision  Test  Tyjies. 
(The    characters   consist   of    a   series    of   comnidn    fractions;    the    large    figures 
showing  the  average  visual  angle  subtended  liy  Ihc  iiidiviilual   jiarts  of  each  lino 
at  a  distance  of  20  inches.) 
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The  examination  for  tlie  detection  of  simulation  of  blindness  is  one 
which  relies  much  on  the  cleverness  of  the  examiner  as  to  its  ultimate 
results.  Many  patients  have  made  a  study  of  the  various  methods  of 
detecting  malingerers  ami  it  l)ccomes  necessary  for  the  operator  to  so 
vary  the  regular  routine  methods  as  to  fool  or  confuse  the  patient. 
Many  cases  therefore  become  (luite  a  problem  and  are  very  difficult. 
See  Blindness  Simulated,  Vol.  IT,  p.  1176,  of  this  Encyclopedia. 

Oni'  is  first  h'd  to  suspect  simulation  by  the  lack  of  agreement  be- 
tween tile  results  of  functional  testing  and  of  the  objective  examina- 
tion ;   an   eye,   for   example,   which   is   alleged   to   be   perfectly   blind 
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Reid's  Alodifieil  Jaeger  Cliart  for  Testing  Xear  Vision. 

presenting  no  pathological  changes  of  any  sort.  Or  the  tests  of  the 
individual  functions  give  contradictory  results,  inasmuch  as  the  visual 
acuity,  the  field  of  vision,  the  color  sense,  etc.,  do  not  stand  in  the 
right  relation  with  each  other  and  with  the  result  of  the  objective 
examination.  Various  methods  of  examination  have  been  proposed  for 
furnishing  a  certain  proof  of  simulation,  and  many  plans  for  apparatus 
to  confuse  the  malingerer  have  been  invented. 

Complete  hlindncss  of  both  eyes  is  rarely  simulated;  much  oftener 
it  is  simply  unilateral  blindness  that  is  alleged ;  and  still  more  fre- 
quently a  feebleness  of  sight  actually  present  in  one  eye  is  exaggerated. 

In  case  of  an  alleged  complete  blindness  of  one  or  both  eyes  we 
regard  in  the  first  place  the  reaction  of  the  pupil  to  light.  If  this  is 
well  i)reserved,  it  will  always  afford  a  strong  ground  for  suspecting 
simulation,  although  there  are  rare  cases  in  which  in  the  presence  of 
actual    blindness    the    pupillary    reflex    for    light    is    still    retained. 
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Schmidt-Eimpler  recommends  the  following  procedure :  The  patient 
is  made  to  look  with  the  blind  eye  at  his  own  hand,  which  he  holds 
in  front  of  him.  A  blind  man  will  do  this  without  hesitation,  since 
he  is  informed  of  the  position  of  his  hand  by  the  sense  of  feeling ;  a 
malingerer  will  perhaps  look  purposely  in  the  wrong  direction. 

Simulated  unilateral  hliiidness  can  be  discovered  in  the  following 
way :  A  lighted  candle  is  brought  in  front  of  the  good  eye  and  is 
slowly  carried  toward  the  side  of  the  blind  eye.  The  patient  is  de- 
tected if  he  declares  that  he  still  sees  the  candle  at  the  moment  when 
it  is  just  concealed  from  the  sound  eye  by  the  bridge  of  the  nose. 

Another  test  with  the  candle  is  to  place  it  about  twenty  feet  away 
from  the  patient  and  place  a  prism  of  6  degrees,  base  upward  or  down- 
ward, before  the  sound  eye ;  if  he  sees  double  it  is  an  indication  that 
the  vision  is  good  in  both  eyes. 

With  the  lighted  candle  in  the  same  position,  cover  the  supposed 
blind  eye.  Then  produce  monocular  diplopia  by  moving  a  6  degree 
prism,  base  upward  or  downward,  until  the  apex  corresponds  to  the 
center  of  the  pupil.  Next  uncover  the  blind  eye  and  at  the  same  time 
move  the  prism  until  it  covers  the  entire  pupil.  If  now  there  is  still 
double  vision  (binocular  diplopia)  it  is  evident  that  both  eyes  see. 

Another  simple  way  to  fool  the  pretender  is  to  place  a  strong  convex 
lens  (12  D.)  before  the  good  eye  and  a  weak  convex  lens  (0.25  D.)  in 
front  of  the  supposed  blind  eye,  and  direct  the  patient  to  read  the 
distant  test  types;  if  he  succeeds,  it  is  proof  of  malingering,  since  it 
is  impossible  for  him  to  see  with  the  sound  eye  when  covered  by  the 
strong  lens. 

In  feigned  binocular  blindness  a  close  watch  must  be  kept  on  the 
patient  when  he  thinks  he  is  free  from  observation,  and  the  following 
test  may  be  applied:  Place  a  lighted  candle  in  front  of  the  patient; 
hold  a  6  degree  prism  base  (mtward  before  one  eye;  if  both  eyes  see, 
the  one  covered  by  the  prism  will  move  inward  in  order  to  avoid 
diplopia;  on  removing  the  prism  it  will  move  outward,  tiie  other  eye 
remaining  fixed. 

The  instrument  of  P^ridenberg  (see  \).  117!).  \'()l.  II.  of  tliis  Euciiclu- 
pedia)  is  designed  for  the  detection  of  simulators  and  is  simple. 
The  principle  of  the  instrument  is  to  reflect  the  image  of  a  test  card 
in  such  a  way  that  it  can  be  seen  by  only  one  eye  at  a  time,  and  a 
quantitative  demonstration  of  vision  can  be  made  without  the  sul)je('t 
of  examination  obtaiiiin'.''  any  clue  as  to  which  eye  is  Ix'ing  tested. 

The  mirror  is  niniintcd  on  a  liori/onlal  arm  in  sm-li  a  way  as  to 
permit  of  varying  its  distance  fi-oin  llic  test  card,  and  of  presenting  it 
alternately  to  either  eye  by  revolving  the  bearing  through  an  arc  of 
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180  degrees.  The  lateral  tilt  of  the  mirror  can  be  changed  at  will, 
and  is  indicated  by  a  pointer  on  a  horizontal  scale.  When  the  pointer 
is  at  90  degrees,  the  plane  of  the  miiTor  is  at  right  angles  to  the  line 
of  vision  of  the  eye  on  the  corresponding  side,  and  this  eye  sees  its 
own  image.  The  test  card  on  this  side,  however,  is  not  normal  to  the 
mirror,  and  its  rellection  is  seen  only  l)y  the  opposite  eye,  which  the 
subject  presumes  to  lie  unconcerned  in  the  visual  act,  as  it  does  not 
appear  in  the  mirror. 

By  switching  the  mirror  over  to  the  opposite  side  of  the  arm,  a 
similar  double  test  can  be  applied,  so  that  in  all  eight  variations  are 
rapidly  obtained.  The  mirror  can  be  adjusted  laterally  to  correspond 
exactly  with  the  interpupillary  distance  and  correcting  glasses  inserted 
in  the  trial  frame,  if  necessary. 
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Bout-liart 's    Aininyeiiient    of    .Mirrors    and    Test    Type    to    Detect    Simulation. 

The  test  is  simple,  rapid  and  exact,  gives  no  clue  to  the  simulant,  and 
can  be  demonstrated  without  theoretical  explanations  to  the  members 
of  a  commission  or  jury. 

The  tubes  of  Gratama  for  detecting  simulators  have  been  modified 
by  Koster  with  the  result  of  making  an  instrument  complete  in 
itself  and  not  requiring  the  use  of  test  cards  at  20  feet  distance.  The 
letters  are  placed  75  cm.  from  the  patient's  eyes  and  the  card  is  rigidly 
connected  with  the  tubes.  The  card  contains  two  separate  rows, 
one  of  letters  and  one  of  numerals,  and  graded  to  indicate  tenths  of 
visual  acuteness.  The  rigid  connection  of  the  test  types  with  the 
tubes  prevents  any  interference  with  the  test  by  the  patient  changing 
the  position  of  his  head.  The  tubes  are  pressed  against  the  brow  and 
cheek,  openings  in  the  proximal  end  adjusting  them  for  different 
widths  between  the  pupils.  The  sliding  panels  in  the  ends  toward  the 
test  types  can  be  so  adjusted  that  the  patient  sees  either  the  right  row 
of  type  with  his  right  eye,  and  the  left  row  with  his  left ;  or  the 
reverse  of  this,  the  visual  lines  crossing  each  other  between  the  end  of 
the  tube  and  the  test  type.  The  patient  being  unable  to  tell  which 
eye  he  is  using,  necessarily  breaks  down  in  any  pretense  of  blindness 
or  poor  sight. 
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The  metliud  of  Boiicharf  for  (h  t( cfiii;/  simulation,  while  rather 
complicated  and  requiring  somewhat  extensive  apparatus  (see  cut), 
is  very  trustworthy  and  will  almost  surely  cause  a  simulator  to  con- 
tradict himself.  Three  of  the  mirrors,  A,  B.  and  C,  are  movable.  The 
eye  being  placed  at  E  sees  the  test  type  0  reflected  from  mirror  A,  the 
distance  from  the  eye  being  40  cm.  Then  without  the  patient's  knowl- 
edge, mirror  A  is  dropped  against  the  side  of  the  box,  and  the  reflection 
coming  from  mirror  B  is  60  cm.  from  the  eye.  In  the  same  way  mirror 
C  is  used,   giving  a   reflection  100  cm.   distant.     Again,  by  slightly 


Autosymoptometer  of  Armaignac. 

changing  the  inclination  of  ('  it  is  made  no  longer  to  reflect  O,  but  in- 
stead the  reflection  of  P  from  the  lixed  mirror  M  removing  the  test 
type  in  eifect  to  150  cm.  The  |)atieiit  has  no  way  of  knowing  which 
image  he  is  looking  at.  The  largest  line  reflected  from  A  gives  vision 
of  1/15.  Reflected  from  M  and  ('  it  gives  vision  of  1/4 ;  and  to  read  the 
smallest  line,  in  the  last  case,  vision  is  nornuil. 

Another  instrunu'ut  working  on  somewhat  the  same  principle  has 
been  suggested  by  Arinaignac  and  called  by  him.  "autosymoptometer 
witli  miiToi-s."  It  coMsisIs  of  a  box,  containing  two  min-oi's  that  can 
be  turned  at  (lin'erent  anules.  Aeeording  to  the  jingles  at  which  the 
mirrors  are  [)lace(l,  the  patient    hMil<ing  through   two  openings  in  the 
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side  of  the  box,  sees  with  one  or  liolh  eyes  the  rcfleetioii  oF  an  eye  or 
two  eyes,  or  the  retleetion  sinulr  oi'  tloubh',  of  a  eross  or  blaek  eireU'. 
A  table  aeeoiupaiiyiii^  tlie  iiist  niineiit  shows  what  is  aetually  visible 
by  eaeh  eye  or  Ixtth,  for  ditferetit  positions  of  the  mirrors.  The  num- 
ber of  combinations  is  sueh  that  it  is  (juite  impossible  for  the  simula- 
tor to  conceal  his  pretense. 

Armaignac  lias  also  designed  another  instrument  to  he  used  in  the 
detection  of  i)retended  blindness  which  compares  the  vision  of  the 
two  eyes  simultaneously.  This  one  he  terms  an  "autosynoptometer 
with  a  slide."  (See  cut.)  The  aim  A  A  at  one  end  C  a  fixation  plate 
and  lenses;  at  the  other  end  a  card  upon  which  short  rows  of  words 
are  printed  in  type  which  grows  progressively  smaller  from  above 
downward.  The  slide  in  the  center  carries  an  upright  rule,  B,  which 
shuts  ot¥  from  the  right  eye  one  row  of  words,  and  from  the  left  eye 
another  row.  The  particular  rows  thus  cut  ot¥  are  determined  by 
the  relative  distances  of  the  slide  from  the  eyes  and  card.  Thus  with 
the  slide  at  1,  the  row  marked  ID  at  the  bottom  shut  off  from  the  left 
eye  is  seen  only  by  the  right,  and  the  size  of  the  letters  read  in  this 
column  gives  the  acuteness  of  vision  for  this  eye.  If  the  slide  be 
pushed  to  2  the  line  marked  2G  at  the  bottom  is  shut  off  from  the 
right  eye  and  read  only  by  the  left,  giving  its  visual  acuteness. 

In  mast  malingerers  an  inability  to  see  out  of  one  eye  is  the  cus- 
tomary complaint.  To  determine  the  truthfulness  of  such  statements, 
one  of  the  most  satisfactory  and  ingenious  tests  devised,  is  the  colored 
letters  "  FRIEND  "  alternate  red  and  green,  which  are  rendered 
invisible  by  looking  through  glasses  of  complementary  colors.  (See 
cut.)  These  letters  are  only  visible  when  held  up  so  that  light  may 
shine  through  them,  preferably  day  light. 

The  patient  is  seated  a  few  feet  from  the  chart,  and  the  glasses  above 
referred  to  are  placed  before  the  eyes.  Both  eyes  are  allowed  to  be 
used  in  order  to  disconcert  the  individual,  using  a  red  glass  before  one 
eye  and  a  green  glass  before  the  other.  If  able  to  read  the  entire 
word,  blindness  is  absent.  If  the  eye  before  which  the  green  glass  is 
placed  is  blind,  the  green  letters  will  be  suppressed  by  the  red  glass 
of  the  other  eye,  and  the  red  letters  wall  be  intensified,  so  that  the 
patient  will  spell  only  the  word  R-E-D.  If  blindness  is  absent,  fusion 
of  the  images  of  both  eyes  will  occur  and  the  entire  word  F-R-I-E-N-D 
will  be  seen. 

The  findings  of  the  first  test  may  be  verified  by  reversing  the  test 
frame  which  is  provided  with  an  X  bridge  for  this  purpose,  when 
blindness  will  be  indicated  by  the  patient  reading  the  word  F-I-N  in 
green  letters. 
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The  reading  of  the  entire  word  indicates  malingering,  and  will  at 
once  satisfy  any  judge  or  jury  as  to  the  merits  of  the  case  in  ([uestion. 

Roche,  to  discover  exaggeration  of  unilateral  amhlyopia,  has  a  series 
of  100  cards,  each  carrying  a  single  test  letter.  These  are  presented 
to  the  patient,  one  at  a  time,  by  reflection  in  a  mirror  so  that  he 
will  be  unable  to  judge  with  which  eye  he  is  seeing  the  letter.  To 
facilitate  use  of  the  mirror  symmetrical  letters  like  "V"  or  "H, "  are 
employed. 

For  more  extensive  consideration  of  this  subject  see  Blindness, 
Simulated,  Vol.  11,  p.  1176,  of  this  Encyclopedia. 

For  tli(  detection  of  defects  in  the  color  sense,  the  method  devised 
by  Holmgren  is  most  generally  used.  A  number  of  skeins  of  wool, 
comprising  different  shades  of  green,  red  and  their  confusion  colors 
(gray  and  brown)   are  placed  before  the  patient,  who  is  first  given  a 

IFRIEndI 

Colored  Chart  for   ^[;lkino■  the  "  Frioiul  "  Tost  fur  Malingerers. 

skein  of  gi'ccn  coloi-cd  wool.  Tliis  is  callrd  tlir  test  skein  and  he  is 
re(|uire(l  to  pick  from  the  pile  of  wools  in  front  of  him  the  skeins 
of  the  same  color,  not  the  same  shade  as  the  one  he  holds  in  his 
hand. 

If  there  is  any  defect  in  his  color-vision  the  patient  will  select  a 
number  of  the  confusion  colors  (cliiefiy  grays),  with  perhaps  some 
green  tints.  If  he  accurately  chooses  all  green  the  investigation  need 
proceed  no  fnr'tlier;  he  has  noi-nial  color-sense — is  not  color-liliml.  If. 
however,  he  fails,  he  is  given  a  rose-colored  skein  and  again  told  to 
choose  skeins  of  that  color.  He  is  now  likely  to  match  the  i-ose  with 
browns,  pnrplcs,  dark-grays  or  c\'cn  gi'cens.  I^'inally,  to  lind  onl  what 
vai'icty  of  coloi'-blindness  he  has,  he  is  given  a  deep-red  skein  when  he 
will  probably  choose  the  dark-br'owns  and  gi'cens.  The  great  majoi'ity 
ol'  coloi-liliml  people  iirc  dclVct  ive  in  I'cd  and  green  and.  coiisc(|ncnt  l\', 
are  said  to  have  red-green  blindness,  althongh  all  \arietics,  from 
simple  green  to  total  color-blindness,  exist. 

With  this  test  it  is  almost  impossible  Tor  one  who  is  color-blind  to 
escape  detection.  The  |)"rson  under  exannnatinn  sliouhl  not  be  allowed 
to  name  the  colois;  only  to  select  those  colors  i"esend)ling  the  test-skeins 
in   his  hand. 
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Thomson's  niodifnatioH  of  (Ik  Ilobngrin  test  is  probably  the  most 
convenient  method  of  iiiakin.y  llie  trst.  The  skeins  of  wool  are  attached 
to  a  stick  ami  as  the  [)atient  diooses  a  certain  skein  he  reverses  it  to 
the  other  side  of  the  stick. 

For  many  years  the  Holmgren  colored  worsteds  have  been  used  by 
the  railways  and  mai'ine  service  of  the  United  States  and  most  foreign 
countries  to  test  the  color-sense  of  tlieir  employees.  When  properly 
used,  according  to  directions,  this  test  has  proved  to  be  practicable  and 
reliable.    The  most  serious  objections  to  it  are : 


Holmgren  Color   Test. 
(Skeins  of  wool  are  numbered  as  suggested  by  Thomson.) 


1.  The  worsteds  become  soiled  by  constant  handling  so  that  the 
more  delicate  shades  can  hardly  be  distinguished  one  from  the  other. 

2.  The  method  of  recording  the  skeins  selected  by  the  candidate  is 
laborious  and  liable  to  lead  to  error. 

In  order  to  overcome  these  objections  Jennings  (Jour.  Am.  Med. 
Assn.,  Sept.  39,  1914)  has  constructed  a  test  in  which  the  worsteds 
are  not  handled  and  the  candidate  makes  a  permanent  record  of  his 
own  color-sense.  It  consists  of  a  S(iuare  box  (see  illustration)  divided 
into  an  upper  and  a  lower  half,  each  half  having  a  lid — virtually  two 
shallow  boxes  with  bottoms  joined  together.  The  upper  side  of  the 
box  is  marked  "Test  No.  1  Green,"  and  contains  a  color  board  made  up 
of  all  the  different  colors,  shades  and  tints  likely  to  be  mistaken  by 
the  color-blind  for  green.  The  lower  side  of  the  box  is  marked  "Test 
No.  2  Rose,"  and  contains  a  color  board  made  up  of  all  the  different 
colors  likely  to  be  mistaken  by  the  eolor-lilind  for  rose.  The  color 
boards,  like  the  box,  are  absolutely  scjuare  and  each  contains  sixty-four 
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patches  of  worsteds  of  various  colors  and  shades,  making  a  total  of 
128  colors  used  in  the  test. 

In  each  patch  of  colored  worsted  is  a  circular  opening  in  the  color 
board  which  is  for  the  purpose  of  registering  the  particular  patch  of 
color  chosen  by  the  candidate.  This  he  does  by  inserting  a  pointed 
pencil  of  wood  or  metal  through  the  opening  and  punching  a  hole  in 
the  record  sheet  which  had  previously  been  placed  beneath  the  color 
board.  The  position  of  the  patches  of  color  and  the  circular  open- 
ings have  been  arranged  in  an  absolutely  synnnetrical  design,  so  that 
when  the  box  is  turned  in  any  one  of  four  positions  the  same  appear- 
ance is  presented  and  it  is  impossible  to  say  which  is  top  or  which  is 
bottom.  The  openings  of  the  color  boards  are  so  arranged  that  the 
records  of  both  the  green  and  rose  tests  are  made  on  a  single  sheet. 

The  cover  marked  No.  1  is  removed,  the  color  board  lifted  out,  a 
record  blank  inserted  and  the  color  board  replaced.  Care  must  be 
taken  to  see  that  the  mark  "top"  in  tlie  ])0x,  "top"  on  the  back  of 
the  color  board  and  the  top  of  the  record  bhink  all  correspond.  The 
box  is  now  turned  around  several  times  until  all  sense  of  direction  is 
lost. 

The  green  test  skein  fastened  to  tlie  inside  of  the  ])ox  cover  is  placed 
at  a  distance  of  two  feet  and  the  candidate  is  given  the  pointed  pencil 
and  requested  to  look  along  each  row  of  colored  patches  and  when 
he  sees  the  test  color  or  one  of  its  lighter  or  darker  shades,  he  is  to 
place  the  point  of  the  pencil  in  the  opening  and  punch  a  hole  in  the 
paper  beneath.  Having  completed  Test  1,  the  cover  is  replaced  and 
the  box  turned  over,  exposing  Test  2,  the  rose.  The  record  blank  hav- 
ing been  inserted  and  the  rose  skein  displayed,  the  test  proceeds  as 
before.     The  advantages  claimed  for  this  method  are : 

1.  The  candidate  makes  a  permanent  record  of  liis  own  color  sense. 

2.  The  soiling  of  tlie  worsteds  by  constant  handling  is  avoiiled. 

3.  The  worsteds  are  divided  into  two  groups:  in  the  first  group  are 
placed  all  the  colors  mistaken  for  green  by  the  color-blind;  in  the 
second  group  ai'e  placed  all  the  colors  mistaken  for  rose  by  the  color- 
blind. 

4.  The  comparison  of  colors  by  placing  two  ot'  more  together  is 
avoided. 

5.  The  large  number  of  colors  used,  128,  gives  i'vee  scope  in  the 
detection  of  all  cases  of  color-blindness. 

6.  The  small  size  of  tlie  color  i)atches,  wliile  ;iiiiple  lo  show  the 
color  to  the  noi'iiial  eyed,  may  lead  to  the  deteetion  of  a  central  color 
scotoma. 
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7.  The  tt'dious  iiu-tlioil  ol"  nvordiiig  tli<'  color-sense  by  pulling  out  a 
concealed  bangle  and  writing  its  number  on  a  l)lank  is  avoided. 

8.  An  iinpoi'tant  color  cannot  be  lost. 

9.  On  account  of  its  symmetry  it  is  a.bsolutely  impossible  for  any 
but  those  with  a  perfect  color-sense  to  pass  the  test. 

10.  It  is  the  only  method  by  which  uniform  results  can  be  obtained 
whether  the  examination  is  made  by  the  physician  or  by  the  layman. 
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Jennings'  Self  Eec-ording  Color  Test. 

11.  Two  or  more  records  of  the  examination  can  be  made  at  the 
same  time  and  the  official  at  headquarters  is  able  to  see  exactly  what 
colors  have  been  selected  to  match  the  test  skeins. 

Birch-Hirschfeld  {Trans.  Thirty-Eighth.  Opitth.  Cong.,  Heidelberg, 
p.  350),  has  devised  a  cabinet  into  which  light  is  admitted  through 
two  slits,  which  can  be  covered,  one  by  green  glass,  the  other  by  red, 
or  red  and  blue.  Ground  glass  is  placed  at  the  bottom  of  the  cabinet, 
and  a  rod  in  such  position  that  half  the  glass  will  be  screened  from 
one  slit,  the  other  half  from  the  other,  so  that  the  ground  glass  appears 
half  red  and  half  green.  The  widths  of  the  slits  can  be  varied,  thus 
varying  the  illumination  of  the  ground  glass.  An  opening  on  one  side 
permits  the  patient,  and  on  the  other  side  the  surgeon,  to  look  at  the 
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ground  glass.  The  eolor-bliiul  fail  to  proi^'ily  recognize  the  colors 
seen. 

A  projecting  polariscope  for  testing  (•oh)r  pei-ception  is  suggested 
by  Tomlinson  {Trans.  Ophth.  Soc.  United  Khujdom,  xxxi,  p.  35). 
The  light  from  a  Nernst  lamp  is  polarized  l)y  retiection  from  blackened 
glass,  set  at  the  proper  angle,  and  falls  on  eight  strips  of  mica.  A 
projecting  lens  receives  light  from  tlie  mica,  and  at  its  focus  is  placed 
an  Iceland  spar  prism,  to  serve  as  the  analyzei'.  As  the  prism  is 
turned  the  colors  projected  on  the  screen  vary. 

Lanterns  for  detecting  color-blind )i ess  have  l)een  designed  by  Wil- 
liam Thomson,  Charles  H.  Williams  and  Edridge-Green.  These 
instruments  have  mainly  been  devised  to,  as  nearly  as  possil)le,  imitate 
the  conditions  under  which  employees  will  be  rcMjuired  to  use  their 
color  perception.    See  Vol.  IV,  p.  2411.  of  this  hJnej/lopedia. 

The  Thomson  lantern  consists  of  an  as])estos  cliimney,  which  can 
be  placed  on  the  kerosene  himp  in  universal  use  on  railroads,  or  over  an 
Argand  or  other  gas  light,  electric  lam}),  or  spring  candle-stick.  Two 
discs,  four  inches  in  diameter  are  so  placed  upon  the  cliimney  as  to 
permit  of  their  being  partly  superimposed.  The  lower  disc  contains 
seven  glasses  in  apertures  one-lialf  inch  in  diameter,  having  the  white, 
red,  green  and  blue  colors  in  general  use  on  railroads.  This  nuiy  be  con- 
sidered the  "examination  in  chief,"  whilst  the  upper  disc,  when  com- 
l)ined  with  the  lower  by  turning  one  or  both,  furnishes  the  "cross- 
examination."  The  upper  disc  has  two  apertures,  one  one-twelfth  of 
an  inch,  the  other  one-half  inch  with  white  glass.  The  other  five  have 
one  white  ground  glass,  one  deep  TiOndon  smoke,  one  pink,  one  green, 
and  one  cobalt-blue  glass. 

The  combination  of  the  white  ground  and  the  smoke  glass  with  the 
reds  and  greens  of  the  lower  disc  enables  all  atmospheric  conditions 
to  be  imitated,  and  the  lights  to  be  diminished  in  ))rightness  and  tint. 
The  use  of  the  small  oix-ning  enables  size  and  distance  of  signals 
to  be  imitated. 

The  upper  disc  has  its  seven  openings  niai'ked  by  the  letters  of  the 
alphabet,  and  the  lower  by  the  numerals  from  one  to  seven.  The 
examination  should  be  iiuide  in  a  darkened  room,  and  the  results 
reported  on  a  l)lank,  the  details  being  used  when  refjuisite.  The  patient 
examined  is  expected  to  <iill  or  n;iinc  the  coloi-s  and  to  recognize  them 
when  being  seen  in  1  minute  at  20  feet. 

Iiumhle's  test  card  for  color  blindness  (see  illiisti-ation)  is  made  up 
of  discs  of  cardboard  on  which  are  transparent  colored  spots.  By 
revolving  the  discs  the  si)ots  ajipeaT'  in  holes  nuule  in  the  outer  envelope 
of  cardboard  enclosing  the  discs. 
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The  patient  is  seated  al)out  ten  t'e(>t  fi-om  the  eard  which  must  be 
well  illuminated  by  day  light  shining  through  the  transparent  colored 
spots. 

First  test.  Turn  large  disc  and  reciuire  patient  to  say  when  any  color 
appears  which  he  thinks  is  green  or  a  shade  of  green,  as  he  compares  it 
with  the  one  shown  above  it.  Hesitation  in  selecting,  or  the  choice 
of  other  than  shades  of  green,  proves  a  defect  in  the  color-sense. 

Second  test.  To  determine  whether  it  is  red-  or  green-blindness, 
turn  the  small  disc  so  rose  is  presented  and  proceed  as  in  the  first  test. 


TEST   FOR    COLOR    BLIMOHESS. 


Onofc.  UNht     <7J; 


L.f*r      ^^^  Psrpic. 

Medium  I  ia> 


It     <7J> 


^.     ThirJ  T.-.4        Prv-^Di  red  vtih  Ike  pmall  ih.k.  a>J  Ike  rcd-kliad  will 
eOL.O  BV  Al-I.  JOI 


Bumble's  Test  For  Color  Blindness. 

If  green  shades  are  matched  with  rose  it  is  green-blindness;  if  blue 
is  chosen  it  is  red-blindness. 

Third  test.  Present  red  with  the  small  disc,  and  the  red-blind 
will  select  darker  shades,  while  the  green-blind  will  choose  lighter 
ones. 

Violet-blindness  will  manifest  itself  in  a  tendency  to  select  blue  in 
the  first  test  and  red  or  orange  in  the  second. 

F.  H.-  Yerhoeff  {Ophthalmic  Record,  June,  1913,  p.  299),  has 
described  a  simple  attachment  for  hand  electric  lights,  to  be  used  in 
testing  color-vision  (see  cut). 

The  attachment  here  shown  was  made  from  a  thermometer  case,  with 
a  piece  of  thin,  hard  rubber  for  the  perforated  disc,  and  attached 
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to  the  lamp  by  a  section  of  an  eye-dropper  liulh.  The  screens  for  the 
openings  were  made  of  photographic  fihn  stained,  after  fixing,  in 
carbol-fuchsin,  light-green  and  methylene-blue,  respectively,  and  fas- 
tened on  with  balsam.  A  thin  piece  of  white  celluloid  is  placed  in 
the  tube  to  diffuse  the  light. 

Nothing,  in  the  opinion  of  Edridge-Green  {British-  Mid.  Jour.,  July 
6,  1912),  has  retarded  the  knowledge  of  the  subject  of  color-blindness 
more  than  the  statement  (attril)uted  to  Holmgren)  that  in  ?i\\y  test 
for  color-blindness  names  were  not  to  be  used.  He  has  never  come 
across  a  man  who  was  a  candidate  for  an  employment  in  which  he  had 


PerfoiJitod    IJotnrv    Hisc    AttacliiiiPiit    for   Testinjj   Color    Vision,   as    iloscriliod    by 

J-\   II.   Vorhoeff. 


to  distinguish  bctwrcu  red  and  green  liglit.  and  who  on  cxainination 
called  green  "red'"  and  red  "green"  through  (•(»h)r  ignorance,  and 
who  was  really  able  to  distinguisli  between  these  colors  and  liad  a 
normal  color-sense.  .Many  adhere  to  the  statement  that  names  sliould 
not  be  used,  and  the  writei-  tliei'cfor*'  analyzes  the  difference  hetween 
matching  and  naming  coloi-s  to  show  that  tlie  use  of  e(ih)r  n;imes  is  ;< 
necessity  and  that  no  test  foi-  coloi'-hlindness  can  l>e  efticient  which 
ignores  them. 

Kdri(lge-(Jreen  has  ascertained  the  percentages  of  color-lilindness 
in  mi'ii.  and  (iiids  tliat  about  (i  i)er  cent,  are  definitely  color-blind, 
whilst  2;')  j)er  cent,  hav.'  a  diminislied  color  perception  compared  with 
the  other  75  per  cent.  The  6  per  cent,  when  examined  with  his  lantern 
niatle  mistakes  between  the  red,  green  and  white  lights,  when  th<'y  were 
clearly  distinguished  as  difll;"erent  by  the  other  94  per  cent.,  and  any 
onlooker  would  say  that  they  were  rightly  rejected,  and  i1  would  not 
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be  safe  for  them  to  be  in  conmiaiul  of  a  ship  in  which  it  was  necessary 
for  them  to  distinguish  between  these  three  lights. 

Many  color-blind  men,  he  asserts,  will  pick  out  the  wools  to  match 
all  five  test  colors  as  accurately  and  easily  as  a  normal-sighted  person, 
so  that,  after  a  long,  tedious  examination  he  would  not  have  sus- 
pected they  were  color-blind;  but  upon  examination  with  his  lantern, 
lasting  less  than  half  a  minute,  red  has  been  called  green,  nothing  or 
white ;  white  has  been  called  red  or  green,  and  green  has  been  called 
red  or  white. 

The  pseudo-isochromatic  plates  of  StilHitg  consist  of  a  series  of 
plates  (10  in  number).  Each  plate  is  divided  into  four  squares  each 
containing  small,  irregular,  colored  spots,  distributed  among  which 
are  other  spots  in  a  confusion  color,  made  to  conform  to  an  Arabic 
figure.  The  plates  are  held  in  front  of  the  patient,  in  a  good  light, 
and  he  is  required  to  distinguish  the  tracings.    See  Color  sense. 

EXAMINING  THE  EXTRA-OCULAR   MUSCLES. 

Three  conditions  are  to  be  investigated  when  examining  the  motility 
of  the  eyes. 

First  (when  the  eyes  are  at  rest),  we  note  the  relation  of  the  optic 
axes  to  each  other. 

Second,  we  examine  the  ability  of  the  eyes  to  preserve  the  proper 
relationship  of  the  optic  axes  so  that  binocular  single  vision  always 
remains  present.    This  will  be  spoken  of  as  the  "fusion  power." 

Third,  we  ascertain  the  voluntary  power  of  the  eyes  to  rotate  in 
various  directions. 

Each  of  the  above  three  groups  require  their  own  separate  tests 
and  these  will  be  described  under  the  different  headings. 
,  The  Position  of  rest. — The  chief  function  of  the  coordinating  centres 
controlling  the  fusion  power  is  to  keep  the  optic  axes  parallel  and 
thereby  avoid  diplopia.  In  order  to  determine  if  the  natural  position 
of  the  eyes  in  a  given  case  is  parallel  with  the  optic  axes,  we  must 
abolish,  for  the  time  being,  the  power  of  fusion.  One  way  of  doing 
this  is  by  the  prism  test.  A  test  object,  which  may  be  a  candle,  or  other 
round  luminous  body,  is  placed  twenty  feet  from  the  patient. 

It  is  well  at  this  time  to  speak  of  two  improvements  on  the  simple 
candle  or  small  electric  light.  One  is  the  apparatus  of  Frank  (see 
illustration)  which  consists  of  a  box  containing  the  source  of  light. 
Facing  the  patient  is  a  hole  in  the  side  of  the  box  with  arrangements 
made  for  placing  lenses  or  different  colored  glasses  in  the  aperture. 

Tilt'  '"("urtis  Motion  Target"  is  an  ingenious  instrument  the  purpose 
of   which   is   to  provide   a   fixation   point   that  will   practically   rivet 
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the  attention  of  the  patient  without  causing  liiiu  to  put  in  force  any 
accommodation.  It  is  large  enough  to  be  easily  seen  at  the  usual  dis- 
tance (twenty  feet)  without  accommodation.  The  various  colored 
circles  of  this  novel  and  peculiarly  attractive  target  seem  to  start  in 


Flank's    Liyht  for  Miisflp  Test. 


Curtis  Motion  Target. 
(To  !)((  used  as  the  fixation  point  in  making  muscle  tests.) 

its  center  and  to  radiate  toward  tli<'  pcfiplici-y.  constantly  getting 
larger  and  jjirgcr  until  they  finally  disappear.  I  iniiiediately  a  new  one 
is  started,  and  it,  like  its  |)i'edcccss(»f,  fadialcs  outward  and  linally 
disajtpeai's.  These  constantly  chan<^ing  colured  spii'al  circles  prac- 
tically rivet  the  attention  of  the  i)atient,  causing  him  to  hold  his  eyes 
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perfectly  still  ami  to  forget,  for  the  time  being,  that  he  is  having  his 
eyes  examined. 

If  a  5"  prism.  Iiase  down,  is  now  placed  over  the  patient's  right 
eye,  the  image  of  the  light  is  thrown  on  the  lower  part  of  the  retina 
of  that  eye  and  the  light  itself  appears  displaced  .  upward.  If  one 
light  appears  directly  above  the  other  we  know^  that  the  vertical  planes 
of  the  eyes  arc  still  parallel.  Eemoving  the  first  prism  we  next  place 
an  8°  or  10°  prism  (or  one  strong  enough  to  cause  diplopia),  over  one 
eye  with  base  in.  We  now  ascertain  if  the  patient  sees  the  two  lights 
on  the  same  level.  If  one  is  higher  than  the  other  we  know  the  eyes 
have  deviated  vertically. 


Maddox  Rods. 


The  red  glass  test  is  based  on  a  similar  idea.  A  red  glass  is  placed 
over  one  eye,  and  the  tendency  to  fuse  a  red  flame  and  a  white  one 
being  much  less  than  to  fuse  two  white  ones,  the  patient  may  see  two 
lights  if  the  optical  axes  are  not  parallel.  The  fusion  power  in  this 
test  is,  however,  not  entirely  abolished,  and  the  test  is  not  as  delicate 
as  the  preceding.  Absence  of  diplopia  does  not  show  a  normal  balance 
with  this  test,  but  it  is  of  value  from  a  practical  point  of  view  in  that 
the  patient  can  describe  the  relation  of  the  images  more  accurately 
by  their  eolor,  and  also  when  diplopia  is  present  the  lateral  and  vertical 
deviations  are  shown  at  the  same  time. 

The  Maddox  rod  (see  illustration)  consists  of  a  glass  rod  or  series 
of  rods  closely  touching  each  other  so  as  to  produce  the  optical  effect 
of  a  very  powerful  convex  cylinder.  When  placed  before  one  eye  the 
flame  appears  with  that  eye  to  be  a  narrow  band  of  light.  There 
being  no  tendency  to  fuse  this  band  with  the  plain  light  as  seen  with 
the  other  eye,  the  two  eyes  assume  the  position  of  rest.  By  turning  the 
rod  in  different  axes  one  may  arrive  at  the  actual  relationship  of  the 
two  visual  axes. 
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James  Thorington  has  demonstrated  a  new  test  which  is  thought  to 
be  an  improvement  on  the  plain  Maddox  rod. 

This  test  consists  of  a  truncated  prism  (see  illustration)  ground  in 
two  7  degi'ee  prisms  separated  by  an  inteiTal  of  plain  glass  3  mm. 
wide.  It  is  made  in  colorless,  ruby-red  or  cobalt-blue  glass.  It  is  a 
delicate  and  exact  test  for  muscular  insufficiencies,  producing  the  com- 
bined effect  of  the  INIaddox  rod  and  double  prism  in  one  piece  of  glass, 
with  the  very  important  addition  of  a  central  light  as  a  starting 
point. 

The  cone  test  consists  of  a  strong  convex  lens,  wliieh  is  placed  over 
one  eye  and  causes  the  flame  to  be  seen  by  that  eye  as  a  circular  disc  of 
light.  To  avoid  prismatic  displacement  the  lens  is  covered  with  hard 
rubber,  except  a  very  small  opening  at  the  centre  (see  figure).    If  the 


Cone  Muscle  Test. 


Thorington    Muscle    Testing  Trisni. 


optical  axes  are  parallel  the  patient  sees  a  circ-uhii'  Ixxly  of  light,  and 
directly  in  the  centre  the  candle  light.  Displaceiiu'iit  of  the  light  from 
the  centre  shows  deviation  of  the  eyes. 

Duane's  test  consists  in  having  the  patient  fix  a  distant  camllr  with 
both  eyes,  at  the  same  time  the  cxaiiiiiier  places  liinisclf  so  tliat  he  may 
distinctly  watch  both  of  the  eyes  of  the  one  under  examination.  While 
the  eyes  are  fixing  the  candle  the  examiner  interposes  a  card  first  in 
front  of  one  eye  and  then  lln-  other.  Th.'  eye  ])ehind  tiie  screen,  no 
longer  being  stimulated  by  the  ima^n-  of  tlie  eaiidle  flaiiu'.  assumes  the 
position  of  rest. 

If  the  visual  lines  in  this  position  are  divergent  we  can  see  the  eye 
turn  out  l)ehiii(l  the  screen  and  if  we  then  withdraw  the  card  the  eye, 
ill  again  fixing  the  flame,  nuikes  a  distinct  niovein.Mil  of  redress  inward. 
If  the  eye  deviates  ill  hi'liiiid  the  screen,  with  ;i  mowniciit  of  redress 
outward  when  the  card  is  removed,  we  know  that   tlu'  i»()sition  of  rest 
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must  lie  one  of  cotivergeneo  and  the  same  reasoning  holds  good  of 
vertieal  deviations,  the  movements  of  deviation  and  redress  being  up 
and  down  ;  while  if  no  motion  of  the  eye  can  be  detected  either  behind 
the  card  or  when  the  card  is  withdrawn,  the  visual  lines  are  practically 
parallel  and  the  position  of  rest  nearly  normal.  If  the  eyes  deviate 
outward  ])ehind  the  card  we  can,  by  placing  a  suitable  prism,  base  in, 
over  the  eye,  so  change  the  direction  of  the  rays  from  the  flame  that 
on  the  withdrawal  of  the  card  they  fall  on  the  macula  without  the 
necessity  of  any  movement  of  redress ;  while  if  the  prism  is  too  strong 
the  movement  will  ])e  reversed,  the  eye  turning  outward  instead  of 
inward  when  the  card  is  withdrawn.  Duane  considers  that  if  a  dis- 
tinct reversal  of  the  movement  of  redress  occurs  with  a  10°  prism 
there  will  be  no  perceptible  movement  in  either  direction  with  a  7°,  S'' 
or  9°,  and  that  the  8°  is  therefore  very  nearly  the  mean  deviation. 


Maddux  Prism. 


Using  the  candle  tiame  as  an  object  as  before,  we  place  before  the 
one  eye  a  .Maddox  rod  with  its  axis  carefully  horizontal  and  over  the 
other  a  similar  rod  with  axis  verticil  1.  Prom  the  first  the  eye  gets  the 
impression  of  a  vertical  band  of  light,  while  the  other  eye  sees  a  hori- 
zontal one.  If  the  vertical  planes  of  the  two  eyes  are  exactly  parallel 
in  the  position  of  rest,  these  bands  should  intersect  at  right  angles. 
If  the  vertical  planes  are  not  parallel,  the  angles  of  intersection  will 
not  be  right  angles,  and  o;;e  e.ye  or  both  must  evidently  have  been 
rotated  wheel-fashion,  eitlier  intorsion  or  extorsion. 

Instead  of  a  candle  flame  we  may  use  as  a  test  ol)ject  a  chart  con- 
taining a  single  vertical  line.  If  we  place  over  either  eye  a  prism, 
base  in,  strong  enough  to  cr.use  (liph)i)ia,  we  shall  see  two  vertical 
li;;es  instead  of  one,  and  if  no  torsion  exists,  they  should  be  perfectly 
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parallel  to  eacli  other.  The  defect  of  this  test  is  that  many  individuals 
have  a  tendency,  if  they  cannot  fuse  the  lines,  to  make  them  parallel 
by  action  of  the  obliciues,  and  the  eyes  are  therefore  not  in  a  position 
of  rest. 

Double  pruini  test.  The  Maddox  prism  (see  illustration)  is  com- 
posed of  two  prisms  in  a  trial  ring,  so  arranged  that  their  bases  touch, 
their  line  of  junction  passing  exactly  through  the  centre  of  the  ring. 
If  this  is  placed  before  one  eye,  so  that  this  line  passes  liorizontally  in 
front  of  the  centre  of  the  pupil,  it  will  cause  a  monocular  diplopia,  and 


Improved    Stevoiis    I'lioroiiiotor. 

tile  horizontal  line  used  as  a  test  object  will  appear  as  two  parallel 
lines.  If,  now,  the  other  eye  be  uncovered,  it  sees  a  single  line  which, 
if  no  torsion  of  either  eye  has  taken  iiiacc,  sliouhl  be  betwe(Mi  and 
parallel  to  the  other  two  lines. 

An  easy  way  of  nic.isui'ing  the  amount  of  muscidar  eri'or  is  to  place 
prisms  of  increasing  strength  before  tiie  eye,  at  the  time  of  nuiking  the 
red  glass  test,  with  base  in,  out,  up  or  down,  as  the  case  ma}'  require, 
until  orthophoria  is  established. 

St(  vctts  plioronictcr  is  a  valuable  instrument  foi*  measuring  nuiscnbir 
insufficiency,  consisting  of  two  rotating  discs,  each  carrying  a  prism 
of  5'^.  Fijicli  disc  is  coiincclcd  liy  a  c<)g  wIkcI  .ind  moves  in  unison. 
A  scale,  iiMTcasiiig  from  tln'  ciiilcr  each  way  I'l'om  0"  to  H'\  gives  the 
strength  of  the  rcfcactiiig  angle  ol'  the  |)i-ism  nscd  (.see  cut).  After 
leveling   the    insti-nment.    if   testing    foi-    li_\-pei-|ilioria.    the    pointer    is 
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fixed  at  0°  and  the  patient  looks  straight  througli  tlie  prisms  at  the 
light  placed  at  20  feet.  He  sees  two  images,  and  if  they  are  on  a 
level,  tlie  nuiscle  balance  is  normal.  If  one  image  is  higher  than  the 
other,  the  prisms  are  rotated  until  the  images  are  made  level.  The 
pointer  then  indicates  the  form  and  amount  of  the  manifest  hyper- 
phoria. In  examining  for  esophoria  and  exophoria  the  pointer  is  to 
occupy  the  vertical  position.     Normally  the  two  images  will  be  seen 


Savage  Monocular  Phoromcter. 


on  the  same  vertical  line.  If  one  is  displaced  to  the  right  or  left  the 
adjustment  is  made  as  before  until  the  images  occupy  the  same  vertical 
line,  and  the  amount  of  insufficiency  is  read  off  by  the  scale  on  the 
side. 

Savage  has  designed  a  monocular  phorometer  (see  illustration  i 
based  on  the  principle  that  the  image  in  one  eye  should  be  undisturbed 
during  the  testing  of  the  various  ocular  muscles. 

All  tests  given  so  far  are  to  determine  if  the  eyes  are  in  a  state  of 
equilibrium  for  distant  vision.  The  following  tests  are  to  ascertain 
their  state  for  near  work. 

The  cover  test  or  screen  test  is  performed  by  having  the  patient 
look  at  some  small  object  held  about  fifteen  inches  away  from  the  eyes. 
A  card  is  placed  alternately  over  one  eye  and  then  the  other,  while  the 
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surgeon  observes  the  position  and  uioveinent  of  the  eye  at  the  instant 
of  uncovering.  A  movement  inward  indicates  that  the  eye  has  deviated 
outward  (exophoria).    A  movement  downward  means  liyperphoria. 

In  the  fixation  test  the  patient  is  told  to  observe  the  surgeon's  finger, 
which  is  slowly  advanced  to  within  three  inches  of  the  patient's  nose. 
If  one  eye  turns  out,  there  is  exophoria.  This  test  is  a  rough  one, 
and  its  chief  value  is  in  determining  wliieh  of  the  iuterni  is  the 
M'eaker. 

Stevenson  has  described  a  near  vision  muscle  test  which  is  very 
practical.  It  consists  of  an  apparatus  (see  figure)  which  presents  one 
prism  base  upward  and  one  l)ase  downward  to  the  patient.  This 
causes  him   to   see  the  card  doul)h'd   and   in   such   position   that   the 


Stevenson's   Muscle   Test. 

arrow  will  point  to  a  number  on  the  scale,  which  will  show  the  degree 
of  deviation  present. 

Maddox  has  described  an  ingenious  near  vision  pliorometer. 

It  will  be  seen  by  the  illustration  that  it  takes  the  form  of  a  hand 
instrument  to  l)e  licld  by  the  patient.  It  has  two  eye  pieces  of 
neutralizing  colors,  attached  to  a  rod  -V.i  cm.  long.  At  the  other 
extremity  is  a  disc,  opaque  except  for  two  designs  which  are  made 
translucent  and  of  neutralizing  colors.  Tlie  horizontal  consists  of  a 
green  scale  with  figures  above.  This  is  intersected  at  right  angles  by 
a  red  dotted  vertical  line.  The  amount  of  any  existing  esophoria  or 
exoj)horia  can  be  immedialely  measured,  l)cing  indicated  by  the  dioptri<' 
divisions  on  the  scale.  By  turning  the  scale  to  the  vertical,  hyperphoria 
can  at  once  be  measured.  If  the  patient  is  asked  to  jilace  the  dotted 
line  in  the  vertical  j)Ositi()n.  a  scale  at  tlic  li;ick  will  show  1lic  aiiionnt 
of  any  existing  cyclophoria. 

Another  invention  by  .Maddox  is  ;mi  impi-ovcd  test    for  nc;ir  imisclc 
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balaiu'c.  railed  the  •'wiii^'  test."  wliicli  is  not  so  dependent  on  con- 
ditions of  iijilit  as  the  rod  and  the  near  vision  phorometer  made  from 
Snellen's  principle  of  nentralizing  colors.  This  apparatus  contains 
uo  lenses. 


W 


bo 

a 


For  measuring  horizontal  deviations  it  employs  the  tangent  scale 
on  a  card  with  an  arrow  at  zero.  This  is  placed  on  a  sliding  frame 
like  a  stereoscope.     The  eyes  are  dissociated  by  two  horizontal  rect- 
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angular  "wings''  in  place  of  prisms,  the  lower  etlge  of  one  lieiug  about 
on  a  level  with  the  upper  edge  of  the  other. 

Thus  the  tield  of  vision  is  eut  in  two  horizontally  and  these  fields 
glide  tangentially  against  each  other's  edges  in  a  direction  opposed  to 
the  deviation  of  the  seeing  eyes.  The  patient  looks  through  two  hori- 
zontal slits  in  an  attached  eyepiece,  and  the  wings  are  carried  on  a 
pillar  allowing  of  swinging  around  so  as  to  transpose  the  fields  for 
verifying  the  test.  To  measure  hyperphoria  a  similar  arrow  is  used, 
pointing  horizontally  toward  a  vertical  line  of  figures;  and  the  column 
carrying  the  wings  pushed  to  the  middle  of  the  base  and  revolved  so 
that  the  wings  are  replaced  by  a  vertical  broad  bar. 


The  Wnltoii  Plioria-Metpr. 


For  cyelophoria  witli  vertical  lines  a  line  is  employed  on  the  card 
and  a  rubber  band  is  strung  across  the  card  parallel  to  the  line.  Now 
place  the  wings  longitudinally  and  away  from  the  observer's  eyes;  the 
printed  line  will  be  seen  with  one  eye  and  the  thread  with  the  other. 
The  elastic  band  is  fixed  in  a  gioove  on  one  edge  of  the  card  and  the 
free  end  is  rolled  into  a  i)Osition  of  paj'allelism  with  the  line.  The 
degree  of  lack  of  parallclisin  may  then  he  read  off  the  scale  which  is 
printed  on  the  unfixed  end.  This  in  millimetres  is  the  numerator  of 
a  fra(;tion,  the  denominatoi-  ol'  which  is  the  breadth  of  the  card  in 
millimetres.  And  this  fraction  multiplied  by  100  gives  the  cyelophoria 
in  prism  diopters.  The  use  of  this  instrument  shows  that  the  measure- 
ment of  cyelophoria  by  vertical  lines  nearly  always  differs  in  amount 
from  its  measurement  by  horizontal  lines.  This  variation  is  due  to  whal 
Ilelmholtz  describes  as  the  difference  lu'tween  the  apparent  and  llie 
real  vertical  meridians  of  the  retina. 

A  second  factor  enters  where  there  is  obli(|U('  astigmatism,  aiul  in 
these  cases  the  discrepancies  will  be  less  when  thf  meridians  of  maxi- 
mum curvature  diverge,  and  will  he  iinrcascd  when  they  converge 
above. 
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'I'lii  \\  (ilfo)t  pliurid-iiii  h  )■  is  another  near  vision  muscle  test  which 
is  shown  in  the  illustration.  To  use  the  instrument  have  the  patient 
hold  it  in  front  of  his  right  eye  with  tlie  g*reen  light  on  chart  vertical. 
Have  light  on  the  left  side  so  it  will  illuminate  the  chart,  also  the  red 
and  green  arrows  tlirough  the  opening  shown  in  the  side  of  tube.  The 
patient  will  readily  exj)lain  the  position  of  red  and  green  arrows,  as  it 
is  related  to  tlie  diagram  on  the  chart,  which  will  indicate  immediately 
the  amount  of  imbalance. 


Prism  Case  and  Prisms. 


Prism  Frame. 


Fusion  poiver  and  its  measurement.  We  know  that  in  all  cases 
where  the  visual  axes  at  rest  are  not  parallel  there  will  be  a  diplopia 
for  distance.  Diplopia  at  the  near  point  would  regularly  occur  when- 
ever the  eyes  were  not  in  a  position  of  equilibrium  at  that  point. 
In  other  words,  every  conceivable  lack  of  balance  of  the  extrinsic 
ocular  muscles,  and  every  refractive  error,  would  produce  more  or  less 
diplopia,  unless  nature  had  provided  some  means  of  compensating  for 
her  defects.  This  compensation  is  provided  by  the  fusion  power  which 
is  presumably  in  abeyance  in  normally-balanced  eyes,  but  which,  in 
the  presence  of  diplopia,  imparts  an  extra  stimulation  to  the  muscles 
necessary  to  correct  it. 
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(ioiild's   I'lisiii   Hattoiy. 

(Consists  of  20  jiairs  of  jirisiiis,  iiiiiiiin}f  fioiii   I   to  2()  dcynH's,  ;nTnn{i;o(|  in  rever- 
sil)l()  Imrs  so  that  tlicir  I)asos  may   lie   turned   either   in    or  out.) 
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While  tile  (Ictcnniii.'itiou  of  tlic  jxjsitioii  of  rest  and  equilibrium 
depends  ou  our  power  to  abolish  fusion,  the  series  of  tests  of  the 
compensatory  power  of  the  eye  depends  on  its  highest  stimulation. 
No  matter  how  good  the  condition  of  the  muscles,  fusion  will  not  occur 
if  the  retinal  stimulation  be  so  slight  that  the  image  in  one  eye  can 
be  easily  suppressed.  To  bring  out  the  utmost  fusion  power  the  vision 
in  each  eye  must  be  made  as  perfect  as  possible. 

The  convergence  test  is  ordinarily  done  by  finding  the  strongest 
prism  before  one  eye,  the  base  being  toward  the  temple,  with  which 
the  patient  can  see  a  flame  single  at  twenty  feet.  The  examination  is 
begun  with  a  10  or  15  degree  prism,  the  strength  being  increased 
until  double  vision  occurs.    Normal  adduction  is  from  30  to  50  degrees. 


Risley's  Prism. 

Divergence  tests  are  made  in  a  similar  manner,  except  the  base  of 
the  prism  is  held  toward  the  nose.  The  abduction  is  found  to  vary  in 
normal  eyes  from  5  to  10  degrees.  The  relationship  between  the 
adduction  and  abduction  is  the  most  important  point  to  ascertain, 
and  it  should  be — as  3  to  1. 

Batteries  of  prisms,  mounted  on  a  frame  have  been  proposed  for 
making  these  tests  and  one  designed  by  Gould  is  shown. 

The  Risley  rotary  prisms  are  made  up  of  two  prisms  rotating  in 
opposite  direction  by  means  of  a  set-screw  on  their  frame.  When  their 
apices  coincide  their  strength  is  30  degrees,  and  when  the  apices  are 
opposite  they  neutralize  each  other.  This  great  time-saving  apparatus, 
which  is  showai  in  the  illustration,  is  used  by  placing  it  in  an  ordinary 
trial  frame  and  proceeding  as  with  the  single  prisms  of  different 
strength. 

The  Hardy-Van  Slyke  dynmnometer  is  a  very  efficient  instrument 
for  testing  the  dynamic  power  of  the  extrinsic  muscles.  It  may  also 
be  used  for  exercising  the  muscles  as  well.  The  name  dynamograph 
would  be  as  appropriate  as  dynamometer,  as  it  practically  registers 


EXAMINATION  OF  THE  EYE 


4693 


autoiiiaticiilly  Ihc  strcJiutli  of  vi\v\]  extrinsic  iiiiiscU'  tested,  so  that  its 
power  may  he  eompared  witli  the  power  of  its  united  opponents.  See 
illustration  under  Dynamometer  in  this  volume. 

The  phoro-optometer  (see  illustration)  is  one  of  the  newer  instru- 
ments which  combines  in  one  practically  all  tlie  devices  for  making 
muscle  tests,  as  well  as  a  trial  frame  for  refraction.  It  is  very  in- 
genious and  a  great  labor-saver. 

The  clinoscopc  is  an  instrument  wliich  has  ])een  devised  by  Stevens 
for  measuring  the  torsion  of  the  eye  ball.  Stevens,  in  describing  this 
instrument,  states  tliat  several  subjects  of  nuich  importance  in 
physiological  optics  have  presented   difficulties  to   investigators,  and 


Tho  Plu)io-o])toniotor. 

have  been  viewed  from  radically  diffei'ent  standpoints  In-  distinguished 
authorities,  because  of  the  absence  of  detinite  and  sufticiently  accurate 
methods  of  examining  the  plienomeiui  on  whicli  the  investigations  have 
turned.  Among  these  controverted  (piestions  is  that  of  the  actual 
direction  of  the  apparent  hoi'izontal  and  \crtical  meridians  of  Ihe 
retina. 

The  doctrine  of  a  declination  of  the  vertical  meridians,  as  in(li('ated 
by  the  experiinents  of  V^olkmann,  and  as  accepted  by  Tlelmholz,  has 
not  been  received  by  some  otliei"  investigators  witli  uii(|U('st  ioned  assent. 

Researches  of  Stevens  in  this  interesting  liehl  have  led  to  the  con- 
struction of  an  instrument  of  ])trcision,  which  will  prove  of  value  in 
this  inquiry  and  in  in(|uiries  allied  to  it. 

The   instrument,    called    the   elinoscoj)!',   consists   of   two   cylindrical 
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tubes,  each  about  three  eeutinietres  in  diameter  and  fifty  centimetres 
in  length.  The  tubes  are  mounted  on  a  brass  platform,  which  holds 
them  firmly  in  the  same  horizontal  plane,  at  a  distance  of  6.5  centi- 
metres between  the  centres  at  a  fixed  point.  The  attachment  to  the 
platform  permits  the  tubes  to  be  adjusted  in  parallelism,  in  con- 
vergence, or  in  divergence  in  the  plane  of  the  platform.  The  platform 
is  attached  by  a  movable  joint  to  the  upright  standard,  so  that  the; 
instrument  may  be  given  any  desired  dip;  and  a  scale  and  pointer 


Clinoscope  of  Stevens. 


indicate,  as  in  the  case  of  the  clinometre,  the  dip  with  respect  to  the 
horizon. 

The  tubes  are  caused  to  rotate  upon  their  longitudinal  axes  by 
means  of  thumb  screws,  as  seen  in  the  figure,  and  the  pointer  and 
scale  above  the  tubes  mark  the  rotation  with  accuracy. 

At  the  proximal  end  of  each  tube  is  a  clip,  in  which,  if  desired, 
the  observer  may  insert  a  glass  for  the  correction  of  his  refraction, 
or  any  glass  from  the  trial  case.  At  the  distal  end  is  another  clip  and 
provision  for  maintaining  the  precise  position  of  the  diagrams  to  be 
used  in  the  investigation.     These  diagrams  are  haploscopic  figures, 
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calculated  to  aid  in  the  various  experiments  which  may  be  made.  These 
may  be  varied  according  to  the  wish  of  the  investigator. 

The  second  figure  represents  two  pins,  one  to  be  seen  by  each  eye. 
As  the  trained  observer  looks  into  the  tubes,  the  two  tubes  and  the 
two  pins  blend  as  one,  and  the  head  of  the  long  pin  now  appears  in  the 
middle.  An  adjustment  of  the  tubes  by  rotation  on  the  long  axis 
will  show  the  true  direction  of  the  meridian,  vertical  or  horizontal, 
according  to  the  position  of  the  diagrams,  of  each  eye  upon  the  scale 
above  the  tubes. 

For  testing  the  ability  of  the  eyes  to  rotate  upon  the  antero-posterior 
axis  (torsion),  a  straight  line  running  across  each  disc  (see  fig.)  is  the 


E.e.MEYflowiTz.(a 
Pins,  Seen  in  Clinoscope  of  Stevens. 


f.E.MEVROWTZ.NY 


Lines,  Seen  in  Clinoscope  of  Stevens. 


most  useful  figure.  The  lines  may  ])e  placed  vertically  or  liorizontally. 
It  will  be  found  that  the  rotating  al)ili1y  is  much  greater  when  the 
lines   are   vertical. 

The  clinoscope  is  primarily  an  insli-uiiunt  toi'  pliysiological  research, 
but  as  a  practical  instrumenl  i1  has  heen  t'ound  of  iiiucli  value  in 
determining  the  declination  of  the  nietidians  in  i)aralysis  of  the  eye 
muscles,  and  in  anomalous  adjust  iinnts  of  tlie  eyes  in  respect  to  the 
horizontal  visual  plane;  and  those  who  may  be  interested  in  determin- 
ing the  power  of  torsion,  oi-  who  hope  to  increase  the  torsional  ability 
by  exercise,  will  find  the  clino.scope  a  correct  measure  in  the  lii-st  case, 
and  an  efficient  aid  in  the  second. 

Voluntary  mnlirnis  of  ilir  fj/rs.  'Phfsr  consisl  of  inovemeiils  of  the 
eyes  to  one  side  or  the  other,  or  up  aiid  (h)wn.  or  coinhiiiations  of  these 
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uiovements.  When  the  individual  gazes  at  objects  directly  ahead,  the 
optical  axes  are  kept  parallel  by  the  fusion  instinct,  but  in  the  extreme 
rotations,  an  impediment  is  presented  before  one  eye  in  the  shape  of 
the  nose  or  cheek  or  brow  so  that  binocular  vision  is  impossible  and 
the  extreme  rotation  occurs  without  the  usual  limitation  interposed 
l)y  the  necessity  of  binocular  vision.  As  the  rotations  of  the  eye  in 
these  conjugate  movements  are  much  greater  than  in  any  other,  since 
they  can  be  made  of  each  eye  singly  without  regard  to  the  other, 
and  since  they  are  voluntary,  their  movement  is  the  truest  test  of 
the  individual  muscles  of  the  eyeballs. 

The  linear  measurement  is  a  rather  crude  test  which  will  only  detect 
the  gross  variations  from  the  normal  and  can  only  be  applied  to  the 
lateral  rotations. 

The  patient  is  directed  to  first  look  as  far  to  the  right  as  possible 
and  then  to  the  left  as  far  as  he  can.     The  surgeon  notes  whether 
the  margin  of  the  cornea  passes  or  falls  short  of  the  respective  canthi. 
Or  a  little  more  accuracy  may  be  attained  by  placing  a  mark  on  the . 
lower  lid  showing  the  position  of  each  margin  of  the  cornea. 

The  measurement  of  motility  hy  the  aid  of  the  perimeter  is  a  much 
more  exact  method.  When  using  the  perimeter  for  this  purpose  the 
result  is  usually  spoken  of  as  the  '^ field  of  monocular  fixation." 

Casey  "Wood  has  described  a  method  for  accomplishing  this  result 
with  the  perimeter  which  is  very  simple  and  easy  to  carry  out.  In 
describing  his  method  in  the  Journal  of  the  Am.  Med.  Assn.,  Nov.  28, 
1896,  he  states: 

"Instead  of  using  objects  attached  to  the  carrier  on  perimeter  arm 
I  have  used  an  exceedingly  simple  device  whereby  the  rotation  of  the 
globe  in  any  direction  is  rapidly  measured.  It  may  be  used  by  all 
persons  who  can  read  Jaeger  XII  at  50  centimetres,  and  may  even 
be  employed  for  others  whose  visual  acuity  at  that  distance  is  con- 
siderably less.  Four  strips  of  unglazed  parchment  paper  have  printed 
on  them  words  of  two  letters  placed  l)etween,  as  well  as  below,  figures 
representing  the  degrees  of  latitude  on  the  perimeter  arc.  These  strips 
are,  together,  placed  in  position  on  the  arm  of  the  perimeter,  the 
patient's  head  being  in  the  primary  position  (I  usually  do  not  con- 
sider any  elaborate  fixation  necessary)  and  he  is  asked  to  read  the 
lower  line,  as  far  away  from  the  centre  as  possible.  This  accomplished 
he  is  requc^sted  to  give  the  figure  placed  aliove  the  Avords  just  recog- 
nized and  to  try  and  read,  farther  out,  additional  letters  on  the  figure 
lirir.  I'^acli  word  beyond  represents  about  one  degree  on  the  scale  and 
the  number  of  words  so  read,  added  to  the  previous  figures,  gives  the 
linnt,  in  degrees,  of  the  field  in  that  direction.     As  each  quadrant  of 
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the  circle  is  passed  over  a  slip  of  paper  is  removed,  revealing  the  next 
paper,  whose  lettering,  being  different,  suggests  nothing  to  the  person 
under  examination.  I  have  found  that  instead  of  making  the  vertical 
letters  face  up  and  down  one  can  accomplish  the  purpose  of  distinct 
vision  by  printing  them  with  a  type  of  a  l)older  face,  thus  providing 
for  those  rare  cases  in  which  it  is  desired  to  test  the  muscles  of  an 
eye  that  cannot  read  Jaeger  XII  or  thereabouts." 

The  most  accurate  method  of  determining  the  rotations  of  the  eyes 
is  by  means  of  the  Tropometer.  Tliis  instrument  is  the  invention  of 
G.  T.  Stevens  and  is  shown  in  the  figure  on  p.  1415.  Vol.  II,  of  this 
Encyclopedia. 

It  consists  essentially  of  a  telescope  m  which  the  inverted  image 
of  the  examined  eye  is  found  at  the  eyepiece,  where,  either  as  an  aerial 
image  or  as  an  image  upon  the  ground  glass,  its  movements  can  be 
accurately  observed.  A  graduated  scale  in  the  eyepiece  permits  every 
movement  of  rotation,  in  any  direction,  to  be  exactly  measured.  A 
prism  or  a  diagonal  mirror  at  the  objective  end  of  the  telescope  per- 
mits the  observer  to  sit  at  the  sitle  of  the  observed.  By  means  of  a 
head-rest  and  an  adjustable  stirrup  with  a  wooden  bar,  which  the 
observed  holds  closely  between  the  teeth,  the  head  may  be  held  firmly 
in  the  primary  position.  This  position  is  indicated  by  the  two  buttons 
at  the  extremities  of  the  guiding  rods. 

In  order  to  master  the  method  of  using  this  instrument  the  operator 
must  first  thoroughly  understand  the  scale  as  illustrated.  The  long 
line  between  and  at  right  angles  to  the  shorter  line  divides  two 
similarly  graduated  scales  inmning  in  diffei'ent  directions;  the  larger 
circle  represents  the  outer  border  of  tlie  cornea,  the  edges  of  which 
are  in  contact  with  the  two  strong  lines;  Ihe  interval  between  each 
pair  of  short  lines  of  the  scale  is  ten  degrees  of  arc,  commencing  at 
the  strong  line  in  each  case.  If  now  the  head  of  the  person  examined 
is  held  firmly  in  the  prinuiry  position  and  the  eye  caused  to  rotate 
strongly  in  a  given  direction,  the  arc  through  wliich  the  liorder  of  the 
cornea  passes  may  ])e  accurately  read  upon  the  scale.  In  the  figure 
the  curved  dotted  line  represents  a  new  position  of  the  border  of  the 
cornea. 

Suppose  that  the  person  •■xamiiird  lias  been  directed  to  look  strongly 
upward,  then  the  cornea  has  moved  down  the  scale  and  reaches  the 
[loiiit  ill  this  example  of  -K'  (le<:rees.  that  being  the  measure  of  this 
i-otalion.  I>\'  niejiiis  of  the  small  h'\er  the  scale  can  be  placed  hori- 
zontally, vertieiilly  or  ohrKpiely.  mill  by  iiieiins  of  the  two  gradual  ions 
measurements  in  o|)posite  dii'ectioiis  can  be  made. 

If  it   is  desired   to   determine   the   upwai-d   rotation   the    border   of 
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the  cornea  is  made  to  coincide  with  the  strong  line  which  appears  in 
the  upper  part  of  the  scale  at  the  right  hand. 

The  adjustment  is  made  by  means  of  the  milled  head  at  the  side 
of  the  standard.  As  the  eye  rotates  up,  the  image  moves  apparently 
down.  In  determining  the  downward  rotation  the  strong  line  at  the 
lower  left-hand  side  of  the  scale  is  taken  as  the  point  of  departure. 

For  lateral  rotation  the  scale  is  turned  to  the  horizontal  position 
and  the  corresponding  strong  lines  used  as  before. 


60- 

lo 

'V 

■"^ 

X-70 

*0  — 

-^10 

'"^-t 

^ 

so- 

y 

1 

™  v.- 

-/   ~ 

e.B.  MEYROWIT7 

Graduated  Scale  of  Stevens '  Tiopometer. 

In  order  to  adjust  the  upper  border  of  the  cornea  on  the  line,  it  will 
generally  be  necessary  for  the  examiner  to  place  the  left  hand  upon 
the  forehead  of  the  patient  and  make  gentle  traction  of  the  upper  eye- 
lid by  the  thumb.  This  application  of  the  hand  to  the  forehead  is 
advisable  in  all  measurements,  as  by  this  means  the  examiner  is  able 
to  detect  even  a  slight  movement  of  the  head,  which  would  vitiate 
any  measure  of  the  rotation.  In  adjusting  the  head  to  the  head- 
rest, the  teeth  should  be  closed  and  the  line  of  the  upper  lip  just  below 
the  nose  should  be  in  a  vertical  line  below  the  glabella  or  ridge  just 
above  the  root  of  the  nose. 

The  measurement  of  fatigue  of  ocular  muscles  has  been  treated  very 
carefully  by  Lucien  Howe  in  the  Journal  of  the  American  Medical 
Association,  Sept.  21,  1912,  Section  2,  Page  1023.  He  states  that 
the  object  of  this  study  is  to  obtain  a  record  written  by  the  ocular 
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muscles  themselves  of  the  fatigue  which  they  develop  under  various 
circumstances.  This,  with  the  expectation  that  the  data  thus  furnished 
will  enable  us  to  separate  more  clearly  the  factors  which,  when  grouped 
together,  liave  been  called  "eye-strain." 

The  autographic  records  referred  to  were  made  by  a  nioditication 
of  the  ergograpli.  Tliis  is  a  piece  of  apparatus  well  known  to  physi- 
ologists, and  described  in  all  of  the  text-books  on  that  subject. 

"More  than  twenty  years  ago  an  Italian,  jMosso,  measured  the 
fatigue  produced  when  a  given  group  of  nuiscles  contracts  repeatedly. 
To  the  last  phalanx  of  one  of  the  fingers  he  attached  a  sort  of  glove, 
from  which  a  string  extended  horizontally  over  a  pulley,  and  to  the 
other  end  of  which  a  weight  was  attached.  Each  contraction  of  the 
finger  required  a  given  amount  of  work  to  lift  the  weight.  The  extent 
and  character  of  these  contractions  wi'i-e  registered  on  a  receiving 
drum. 

"Such  tracings  made  by  the  leg  muscles  of  the  frog,  or  of  some  other 
cold-blooded  animal,  usually  give  the  most  typical  pictures. 

"Although  these  tracings  are  familiar  to  every  student,  there  is  one 
point  about  them,  not  always  mentioned  in  the  text-books,  that  is  of 
clinical  importance.  It  is  known  among  physiologists  as  the  'Treppe,' 
or  'staircase.' 

"As  long  ago  as  1865  Ranke  said:  'Everyone  knows  that  the  first 
twitch  of  a  muscle  is  not  its  greatest.  With  stimuli  uniform  in 
strength,  the  later  contractions  are  stronger  than  the  earlier  ones — a 
phenomenon  the  reason  for  which  has  liei-etofore  been  wholly  obscure.' 

"The  term,  'ophthalmic  ergograpli,'  is  appai-eiitly  the  best  for  an 
instrument  which  measures  the  fatigue  of  the  ocular  muscles,  it  is 
nothing  more  than  a  combination  of  some  appliance  for  producing 
fatigue  of  those  muscles,  together  with  a  i-evolving  cylindei-  or  di-um 
on  which  the  degree  and  frequency  of  the  muscular  contractions  can  be 
registered. 

"The  most  common  form  is  an  arrangt'iueiit  li\'  which  prisms  are 
adjusted  to  the  revolving  drum.  Such  prisms  measure  only  the  fatigue 
of  the  extra-ocular  muscles  when  the  point  of  (ixation  is  a  caiulle. 
point  of  light,  or  similar  object  situated  at  least  (i  nu'tres  distant. 
In  this  way  efforts  of  acconiinodat ion  in  emnietro])ic  eyes  are  elimi- 
nated. When  the  j)i'isms  ;iie  turi:ed  with  tlieii-  bases  out.  and  measure- 
ment therefore  is  made  of  the  tu-tiou  of  the  a<lductor  groups,  the 
arrangement  can  with  |)ro|)iiety  be  call'MJ  nn  jidihe-tor.  or  'convergence 
ergogi-aph.'  Dr.  if  the  i)risms  are  turned  with  their  bases  in.  n|)  <ir 
down,  the  same  instrument  liecomes  an  abductor  oi-  divergence  ergo- 
Voi.  VI— 4  r. 
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graph,   or  a  superductor  or  siilxluetor  ergograph,   according  to   the 
direction  of  the  prisms. 

"The  convergence  ergograph  is  constructed  as  follows:  A  pair  of 
Crete  prisms  (the  original  form  of  the  Risley  prism)  is  fastened  by 
two  clamps  to  the  upright  which  supports  the  revolving  drum.  A 
delicate  rod  of  brass  is  attached,  near  one  end,  to  the  pointer  which 
slides  over  the  drum.    The  other  end  of  this  rod,  extending  horizontally 


Ophthalmic  Ergograph  in  Use. 


Eevolving  Prisms  as  Arranged  by   Crete  for  Use  in  the  Ophthalmic  Ergograph. 

outward  toward  the  drum,  terminates  in  a  point  which  records  when 
there  is  blackened  paper  on  the  drum.  Or,  if  a  suitable  pen  is  made 
fast  at  the  end,  this  pen  records  when  there  is  white  paper  on  the 
drum. 

"The  blackened  paper  having  been  attached  to  the  drum,  the  trac- 
ing point  is  made  to  touch  the  paper,  and  the  drum  is  revolved  once 
to  mark  the  zero  line  around  the  drum.  The  pointer  on  the  handle 
which  slides  along  the  scale  is  then  pushed  up  to  the  mark  indicating 
a  prism-strength  of  10  degrees,  and  a  second  horizontal  line  is  run 
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around  the  drum.  Other  horizontal  lines  are  made  to  indicate  a  prism- 
strength  of  20  or  30  degrees.  Or,  if  great  exactness  is  desired,  we  run 
other  horizontal  lines  also  at  5,  15,  25  degrees,  or  even  at  shorter 
intervals. 

"The  person  under  examination  is  placed  opposite  a  distant  candle- 
flame,  or  preferably  a  point  of  light  in  a  Thorington  chiuniey.  The 
head  is  held  steady,  or  if  the  subject  is  restless  we  ma\-  make  use  of 
the  ophthalmic  head-rest.  It  is  better,  however,  to  do  away  with  this 
or  any  superfluous  appliances  whenever  possible.  The  drum  is  then 
moved  into  place.  Experience  has  shown  tliat  Ihc  most  convenient 
position  for  the  subject  is  with  his  right  eye  looking  through  the 
prism,  which  is  then  arranged  to  measure  adduction.  As  he  does 
so  he  should  see  the  distant  light  distinctly,  and  there  should,  of  course, 
be  nothing  to  obstruct  the  view  with  his  other  (uncovered)  eye. 

"All  preparations  having  been  thus  completed,  the  lever  of  the  drum 
is  released  and  the  reading  begun.  The  individual  under  examination 
himself,  or  the  one  who  is  directing  the  experiment,  then  slowly  pushes 
up  the  pointer  which  is  on  the  handle  of  the  prism-case,  thus  increasing 
their  strength.  At  the  same  time  the  examiner  asks  the  subject  to 
note  whether  he  sees  one  light  or  two.  As  long  as  only  one  light  is 
seen,  the  index  is  pushed  up  slowly  but  regularly.  The  moment  two 
lights  appear,  the  subject  says  'two.'  The  pointer  is  drawn  down 
promptly,  the  strengtii  of  the  prisms  at  once  reduced  to  zero,  and  tlie 
subject  sees  only  one  light. 

"Again,  a  second  time  the  i)ointer  is  pushed  uj)  slowly  and  regularly, 
thus  increasing  the  strength  of  tlic  prism  until  the  subject  says  'two.' 
Immediately  the  pointer  is  di-awn  down,  the  strength  of  the  prism 
reduced  to  zero,  and  the  subject  sees  only  one  light.  This  is  done  a 
third,  fourth,  fifth  time,  and  so  on.  Not  infre(|U('ntly  we  lind  that  a 
group  of  muscles  which  appears  to  he  pradically  exhausted,  suddenly- 
and  for  some  unknown  reason  seems  to  regain  strength  and  the  power 
of  overcoming  stronger  prisms  returns  in  response  to  renewed  effoi-t. 
Usually,  however,  the  fatigue  i-etui-ns  sooner  than  bel'ore,  and  sitonei- 
with  each  succeeding  I'eturn  nf  strength.  These  variations  in  |»owei' 
ai'e  examples  of  a  Treppe. 

"At  first  ghiiii-e  it  nia_\  seem  ineon<^ruous  to  assoi-iati-  an  a|)|)ai'en1 
excess  of  strength  with  a  patliologie  condition.  JJut  as  si)asm  of 
accommodation  ea)i  be  distinctly  diagnosed  by  appi'opriate  tests,  and 
as  Sehmidt-Kimpler  and  otliers  (•onsi(h'r  that  certain  (h'^rees  of  sin-h 
s[)asm  ai'e  fpiite  common,  so  ih)  ue  meet  occasional  instances  of  spasm 
of  accommodation  with  esophoria  of  (|uite  high  degree.  And  in  these 
cases,  when  we  take  tracings  with  the  convergence  ergograph.  we  avo. 
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apt  to  fijid  a  condition  of  'excessive  convergence  with  the  fatigue  long 
delayed. ' 

"In  insufficient  convergence  with  rapid  fatigue  we  find  a  low  power 
of  convergence  which  promptly  shows  fatigue  and  soon  passes  into  a 
condition  of  exhaustion. 

"Another  type  is  that  in  which  the  power  of  convergence  is  small 
at  the  beginning.  The  fatigue  begins  promptly,  but,  unlike  the  last, 
does  not  pass  on  to  exhaustion.  On  the  contrary,  we  have  the  same 
ability  to  continue  short  contractions  for  a  long  time  as  is  found  often 
in  strong  and  healthy  subjects. 

"Also,  we  have  unusual  variations  in  the  same  individual  at  dif- 
ferent times,  apparently  as  the  result  of  treatment." 

Variable  pathologic  tracings  are  sometimes  found.  "In  some  of 
these  we  find  that  the  first  few  contractions  point  to  the  strong-muscle 
type.  But  as  the  contractions  are  repeated,  the  muscle  soon  begins  to 
'run  down.'  In  other  words,  the  condition  is  suggestive  of  that  in 
which  an  apparently  strong  man  succeeds  in  lifting  a  rather  heavy 
dumb-bell,  but  after  one  or  two  efforts  fatigue  shows  itself.  Such 
muscles  are  weak  rather  than  strong. 

"This  condition  is  usually  associated  with  one  in  which  an  apparent 
fatigue  is  followed  almost  immediately  by  the  ability  of  the  muscle  to 
contract,  at  least  for  a  few  times,  with  considerable  strength.  Sucri 
muscles  furnish  examples  of  the  Treppe. 

"This  ergographic  method  of  measuring  ocular  fatigue  gives  us 
entirely  new  and  apparently  important  data  concerning  the  con- 
tinued action  of  different  groups  of  muscles.  It  shows  us,  for  the  first 
time,  how  fatigue  occurs  under  normal  conditions — -what  different 
types  we  may  expect  and  what  variations  are  not  unusual. 

"We  can  now  measure  and  record  not  only  the  initial  strength  of 
certain  groups  of  muscles,  but  how  long  a  given  action  can  be  con- 
tinued without  marked  fatigue.  In  this  way,  by  resolving  the  com- 
plicated problem  which  we  call  'eye-strain'  into  its  different  factors, 
there  is  more  hope  of  solving  it." 

It  is  always  of  importance  to  ascertain  if  the  patient  under  examina- 
tion has  true  hinocular  vision.  The  best  known  test  for  this  faculty 
is  the  "har  reading  test  of  J  aval."  -  It  is  performed  by  having  the 
individual  read  a  book,  and  at  the  same  time  a  pencil  or,  as  Priestley 
Smith  suggests,  a  thin  strip  of  metal,  is  held  midway  between  his  eyes 
and  the  printed  matter.  Reading  can  then  proceed  without  inter- 
ruption, only,  if  both  eyes  are  employed,  for  if  he  is  fixing  with  one 
eye  alone  there  will  be  a  certain  point  where  the  line  of  vision  of  that 
eye  will  be  interferred  with.     At  that  point  there  will  be  a  hitch  in 
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his  reading  which  would  not  occur  if  he  were  using  the  other  eye 
at  the  same  time,  for  that  eye  would  have  a  clear  view  of  the  letters 
which  the  first  eye  cannot  see. 

Roche  {Annalfs  d' 0 culistiquc ,  January,  1908),  furnishes  us  with 
a  test  for  binocular  vision  which,  by  its  very  simplicity,  is  likely  to 
disarm  all  suspicion  on  the  part  of  the  patient.  It  is  carried  out  as 
follows : — 

Take  a  board  33  centimetres  or  more  in  length — an  ordinary  blot- 
ting-pad does  very  well — and  place  it  horizontally  on  a  level  with  the 
patient's  eyes,  with  one  edge  resting  on  the  bridge  of  his  nose.  Then 
at  a  distance  of  25  centimetres  from  the  patient's  eyes,  place  a  small 
pellet  of  paper  or  a  crumb  of  bread  on  the  upper  surface  of  the  pad, 


JJiapliragra  Test   for  Binocular  Vision.      (Bislio])   TIarnian.) 

and  request  the  patient  to  touch  it  I)y  bringing  the  point  of  a  pencil 
or  knife  vertically  down  on  it.  Anyone  possessing  binocular  vision 
can  do  this  with  the  greatest  ease,  but  those  having  only  monocular 
vision  will  inevitably  fail. 

As  the  one-eyed  may  accidentally  succeed  once  or  twice  it  is  well  to 
repeat  the  experiment  several  times,  varying  the  position  of  the  pellet 
on  the  board. 

It  is  easy  to  detect  deliberate  deception  by  the  fact  that  the  point 
of  the  pencil  is  tlu^n  brought  down  haphazardly  on  diflPerent  parts  of 
the  board,  whereas  the  genuine  one-eyed  would  ;il\\ays  In-iiig  it  down 
on  a  line  joiinng  the  pellet  and  the  pupil,  i.  e.,  the  point  would  always 
fall  in  fi'ont  of  or  behind  the  pellet,  never  to  the  right  or  to  the  left 
of  it. 

The  BisJioj)  Ihirman  lest  ( Ophllidlmic  Review,  April.  1000),  is  the 
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reverse  of  llie  I);u--re;i(liiio'  tost.  I  list  end  of  a  bar  wliicli  tlie  i)atient'^ 
eyes  must  negotiate,  there  is  a  screen  with  a  single  hole  in  it;  through 
this  hole  tlie  ])atient  can  look  with  i)oth  eyes;  ((uite  naturally,  and 
without  suspecting  tlie  manner  in  wliieli  his  vision  is  being  dissected. 
The  test  rests  on  a  phenomenon  that  occurs  to  every  one  many  times 
daily ;  when  a  window  is  looked  through  the  man  with  binocular  vision 
sees  more  wideh-  than  he  who  has  but  one  eye.     To  demonstrate  the 
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Diaphragm    Test    for    Binocular   Vision.      (Bisliop   Harnian. 

Diapliragm  with  hole. 


T.   Test   card;    D, 


principle  of  the  test  the  following  experiment  may  be  made:  Stand 
facing  a  wide  view,  hold  up  both  hands,  palms  toward  you,  six  inches 
from  your  face,  and  on  a  level  with  the  eyes,  the  hands  being  separated 
so  that  the  little  fingers  are  distant  from  each  other  three  fingers' 
breadth.  It  will  be  found  that  the  hands  cover  the  eyes,  yet  a  per- 
fectly clear  perception  of  the  view  is  obtained.  But  if  one  eye  be 
closed  half  the  view  is  lost,  for  the  right  hand    obscures  the  direct 
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Diaphragm  Test  for  Binocular  Vision.  (Bishop  Harman.)  T,  Test  card;  D, 
Screen  with  hole;  P,  Position  of  jiatient,  wlio  looks  in  direction  of  arrow;  H, 
Handle. 

vision  of  the  right  eye  and  the  left  hand  that  of  the  left  eye;  but  the 
eyes  see  cross-wise  through  the  space  between  the  hands.  The  paths 
of  the  vision  and  the  manner  in  which  right  and  left  monocular  and 
binocular  vision  is  arranged  are  shown  in  the  accompanying  figure. 

The  instrument  made  to  apply  this  test  in  practice  is  very  simple, 
but  a  series  of  most  varied  and  surprising  tests  may  be  made  with  it. 
They  are  so  simple  that  the  operator  is  not  likely  to  be  tied  up  in 
examining  a  patient,  yet  they  are  so  subtle  that  when  an  expert  is  sub- 
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mitted  to  the  test  he  can  only  escape  confusion  by  stating  simply  what 
he  sees. 

A  length  of  wood  like  a  flat  ruler  44  cm.  long  is  fitted  with  a  rack  at 
one  end  to  receive  the  test  cards,  and  a  screen  measuring  9x6  cm. 
fixed  at  11  cm.  from  the  rack.  In  this  screen,  or  diaphragm,  a  hole  is 
cut ;  it  is  either  square  or  round  and  measures  1.7  cm.  square  or 
diameter.  A  moveable  pin  is  fixed  to  the  diaphragm  so  that  it  can 
be  projected  into  the  hole  as  a  point  of  fixation  in  certain  experiments. 
A  handle  is  fixed  beneath  the  base  board. 

In  use  the  patient  takes  hold  of  the  handle  with  both  hands  and 
places  the  free  end  of  the  rule  (this  is  washable)  against  the  upper 
lip  just  beneath  the  nose.  The  surgeon  stands  facing  his  patient  and 
holds  the  other  end  of  the  instrument  to  keep  it  steady.  When  the 
instrument  is  in  position  the  patient  is  asked  to  look  either  through 
the  hole,  or  at  the  pointer  projecting  into  it,  according  to  the  test 
desired,  and  to  tell  what  he  sees  through  the  hole. 

There  are  three  sorts  of  test  cards:  1.  Printed  matter,  of  any  size 
from  diamond  in  set  paragraphs  to  canon  in  paired  capitals.  2.  Black 
or  colored  squares  variously  disposed.  3.  Pictures  for  children.  A 
number  of  test  cards  are  issued  with  the  instrument  but  the  surgeon 
can  make  and  vary  them  indefinitely. 

The  diaphragm  which  is  eomi)osed  of  the  screen  with  the  square  hole 
is  most  generally  useful;  for  the  reading  tests  particularly,  and  when 
we  wish  to  demonstrate  the  i)resence  of  binocular  vision  where  it  is 
denied.  When  the  patient  looks  clear  through  the  hole  at  the  test, 
the  margins  of  the  hole  are  seen  doubled,  the  square  becoming  an 
oblong;  this  change  escapes  remarks  save  by  the  most  observant.  On 
the  other  hand  when  it  is  desired  to  demonstrate  weakness  of  ])iiu>cular 
vision  or  in  fusion  experiments  the  round  liole  is  the  better,  as  redupli- 
cation of  the  circle  and  overlapping  of  tlic  two  images  is  very  notice- 
able. 

The  test  is  of  value   foi-  tlie  following  ]iui'i)()scs: — 

1.  To  determine  Ihc  (M|ii;ility  of  visual  acuity  in  tlic  two  eyes. 

2.  To  dctcniiiiir  tlic  presence,  tlie  absence,  or  a  defect  of  l)in()cular 
vision. 

3.  To  exercise  tlie  vision  in  siiuinliiig  eyes. 

4.  To  detect  malingerei's  feigning  monocular  blindness. 

5.  To  demonstrate  certain  physiological  phenomena  connected  with 
the  perception  and  suppression  of  images. 

A  paragraph  of  printed  matter  is  i)ut  in  the  test  rack,  the  patient  is 
desired  to  read  it.  The  plan  of  tlu'  instrument  is  such  that  three 
kinds  of  vision  are   re(|uire(|  to  p;iss  the   test,     'i'lie   i-i<,'lit    li;ill'  of  the 
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test  is  i\'iu\  Ity  llic  Icl'l  eye.  Hie  left  lialf  by  the  right  eye,  and  the 
middle  stri[)  liy  hotli  eyes.  If  the  patient  can  tletect  no  difference 
in  tlu>  eh'arness  of  tlie  h'tters  on  the  card  the  eyes  have  equal  vision. 
The  test  is  very  delicate.  Fnrthei-,  tliis  cannot  be  passed  unless  there 
be  good  balance  of  the  oculo-uiotor  nuiscles. 

The  preceding  test  when  small  type  is  used  is  the  most  delicate 
one  of  this  nature,  a  small  degree  of  latent  squint  will  prevent  a  man 
from  reading  the  paragraph  accurately.  The  phenomena  produced  by 
the  various  orders  of  latent  squint  can  be  best  shown  by  the  use  of 
the  test  card  with  a  single  line  of  letters  or  figures.  The  man  with 
good  binocular  vision  reads  1234  with  the  right  eye,  6789  with  the  left, 
and  5  with  both  eyes. 


A  large  selection  of  Screens 
in  Chippendale;  Sheraton, 
Louis  XV.  anp  XVI.  and  other 
styles,  also^atlice  Screens, 
Japanese  Scrjensl  Cheval  and 
Wing  Screei^.  =An  example 
of    value,    =the=  Fonr  -  Fold 


Diaphragm  Test  for  Binocular  Vision.      (Bishop  Harman.) 
(Tlie  dotted  lines  indicate  the  overlapping  of  the  crossed  images  of  the  square 
hole.) 
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Diaphragm  Test  for  Binocular  Vision.      (Bishop  Harman.) 

In  latent  convergence  (esophoria)  the  middle  letters  are  over- 
lapped and  are  suppressed  so  that  the  man  reads  something  like 
this : — 

126789 

In  latent  divergence  (exophoria  !  the  middle  letter  is  reduplicated, 
and  the  man  reads: — 

12345  56789 

In  latent  vertical  displacement  (hyperphoria)  the  parts  of  the  line 
of  letter  seen  by  each  eye  are  on  different  lines  or  levels,  thus : — 

12345 

56789 

All  these  phenomena  can  be  seen  by  the  surgeon  himself  who  has 
perfect  binocular  vision,  when  he  causes  disturbance  of  his  muscles 


EXAMINATION  OF  THE  EYE  4707 

l)y  putting  a  prism  before  one  eye.  or  more  simply  by  displacing 
one  eye  slightly  by  gentle  pressure  with  one  linger.  It  is  astonishing 
how  readily  this  simple  device  displays  latent  irregularities  in  the 
uuiscle  balance  of  the  eyes. 

In  the  case  of  children  suspected  of  squint,  their  capability  for 
binocular  vision  can  be  ascertained  bj-  the  diaphragm  test  more  easily 
and  at  an  earlier  age  than  by  any  other  means.  There  are  a  series 
of  bold  and  simple  drawings  of  familiar  objects  supplied  with  the 
instrument.  The  child  looks  at  a  pair  of  pictures  through  the  hole  of 
the  diaphragm,  if  they  are  named  promptly  there  is  good  evidence  that 
the  vision  of  one  eye  is  not  suppressed. 

Monocular  alternate  fixation  and  binocular  fusion  can  be  practised 
through  a  series  of  graded  tests,  from  colored  patches,  pictures,  and 
large  letters  to  small  print.  When  one  eye  by  reason  of  disuse  has 
a  lesser  visual  acuity  than  the  othei-,  the  superiority  of  the  better  eye 
can  be  reduced  by  paralyzing  the  accommodation  of  that  eye  with 
atropin,  by  shading  the  half  of  the  tests  to  be  seen  with  that  eye,  or 
by  placing  such  a  glass  before  tliat  eye  as  will  i-educe  the  vision  to  an 
equality  with  the  weaker  eye. 

As  a  detector  of  malingering  the  test  may  be  used  in  the  following 
manner:  There  are  test  cards  with  s(|uares  ])rinted  tlicreon,  colored, 
red  and  green,  or  black  for  use  with  the  color-blind.  The  squares 
are  printed  right  and  left,  any  number  may  be  used,  but  one  each  side 
is  enough  and  the  patches  are  on  different  lines  so  that  they  cannot 
be  fused  by  convergence. 

The  cards  are  reversible,  so  that  the  red  and  green  ones  can  be 
exhibited  four  different  ways:  red  to  right,  to  left,  above,  or  below. 

One  of  these  cards  is  put  in  the  rack,  and  the  patient  asked  what 
he  sees.  (1)  He  may  be  told  to  look  llii'ough  the  hole,  then  he  sees 
the  patches  as  they  are  on  the  card  iiikI  must  name  llicm.  Suppose, 
an  extreme  improbability,  the  man  knows  the  patches  arc  seen  by 
crossed  vision,  and  correctly  evatles  naming  the  i)atcli  seen  by  the 
pseudo-amaurotic  eye;  yet  he  does  not  escape,  for  the  surgeon  watching 
the  man's  eyes  will  see  the  coordinate  moveiiieiits  of  the  eyes  as  he 
looks  from  one  to  other  area  of  ci'ossed  vision.  A  man  li'uly  blind  of 
one  eye  does  not  do  this. 

(2)  He  may  be  told  to  look  at  the  pointei'  and  so  converge,  then 
he  gets  homonymous  diploi)ia  for  llie  |)atches  and  one  appears  above 
the  other.  AVhen  seen  in  this  latter  fashion  it  is  impossible  for  the 
patient  to  guess  whether  one  or  other  eye,  or  both  eyes,  sees  the 
patches;  even  the  cai-ds  may  be  changed  so  thai  the  red  is  seen  by  the 
right  and  left  eyes  alternately,  yet  the  change  will  not  be  detected. 
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TIic  tests  arc  so  «>(),),1  thai  tlicrc  is  no  objection  to  tlic  patient  seeing 
all  the  test  cards  laid  ont  on  the  table  before-hand.  During  the  test- 
ing till'  surgeon  has  the  man's  eyes  under  perfect  observation,  at  the 
suggestion  of  a  wink  on  the  i)ai't  of  the  man  the  test  can  be  dipped  and 
obscured. 

Lastly,  even  when  the  eyes  differ  considerably  in  visual  acuity  the 
test  with  colored  patches  can  l)e  used  successfully,  for  color  can  be 
perceived  when  form  is  obscure. 

There  is  one  test  with  this  instrument  in  which  very  curious  results 
may  be  obtained.  On  one  half  of  a  test  card  is  drawn  a  cross  of  St. 
George,  on  the  other  half  is  drawn  a  cross  of  St.  Andrew.  The  crosses 
are  placed  in  such  relations  that  when  the  test  is  in  jjosition  and  the 
pointer  is  set  in  the  round  hole  of  the  diaphragm  and  the  two  eyes  are 
fixed  upon  it,  the  images  of  the  crosses  are  superimposed  and  fused. 


Diaphragm  Test  for  Binocular  Vision.      (Bisliop  Harman.) 

Now  for  a  moment  the  fused  images  of  the  crosses  present  the  appear- 
ance of  a  star  of  eight  points.  But  it  will  be  found  that  this  appear 
anee  is  not  constant  for  the  wdiole  time  of  the  observation;  there  suc- 
ceeds an  alternation  in  the  perception  of  the  images  seen  by  the  right 
and  left  eyes,  so  that  as  though  by  an  electric  flashing  sign  the  crosses 
of  St.  George  and  St.  Andrew  pulsate  upon  the  screen.  The  experi- 
ment can  be  varied  by  the  use  of  a  variety  of  geometrical  figures,  parts 
of  circles,  etc. 

The  effect  is  very  curious,  and  the  seemingly  definite  rhythm  of  the 
alternation  suggests  some  reason  for  the  phenomenon.  There  are  two 
possible  explanations:  1.  That  fixation  is  not  constant,  and  that  un- 
consciously it  falls  off,  but  is  renewed  when  the  fading  of  the  images 
occurs.  2.  That  since  in  perfect  binocular  vision  the  two  macule  and 
the  two  halves  of  the  brain  have  learned  to  view  and  perceive  but  one 
object  of  fixation  at  a  time,  the  brain  is  now  incapable  of  retaining 
constantly  the  perception  of  two  dissimilar  objects  seen  by  the  two 
maculae.  The  brain  does  it  for  a  moment,  at  the  instant  of  the  first 
attempt,  but  then  the  image  of  one  and  then  of  the  other  object  is  per- 
ceived and  suppressed  in  turn.  AVe  may  suppose  the  visual  apparatus 
reverts  to  a  primitive  separated  condition  ! 
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Ophtlxilmoiiu  try.  In  1854  Ileliiilioltz  first  described  ophtlial- 
mometry  in  his  paper  "tJber  die  Accomodation  des  Auges."  This 
article  gave  a  detailed  description  of  the  ophthalmometer  as  well  as 
results  of  investigations  conducted  with  the  aid  of  the  instrument. 
This  original  ophthalmometer  described  by  Ilelmholtz  is  really  a 
modification  of  one  of  the  forms  of  the  heliometer  and  consists  of  a 
telescope  having  in  front  of  its  objective  two  plates  of  glass,  with 
parallel  plane  surfaces,  placed  side  by  side,  so  that  each  plate  cor- 
responds to  one-half  of  the  objective.  So  long  as  the  two  plates  lie  in 
the  same  plane,  only  a  single  image  is  seen  through  the  telescope ;  but 
when  the  plates  are  rotated  in  opposite  directions,  the  raj^s  emanating 
from  the  object  are  separated  into  two  bundles,  and  two  images  are 
seen,  the  distance  which  separates  these  two  images  increasing  with 
the  angle  through  whicli  the  plates  are  turned.  When  the  rotation  of 
the  plates  is  such  that  the  two  images  of  a  linear  object  are  seen 
exactly  in  contact,  end  for  end,  the  distance  by  which  the  two  images 
are  separated  is  exactly  equal  to  the  length  of  each  image ;  the  amount 
of  displacemeiat  of  the  two  images  may  then  be  calculated  from  the 
angle  made  by  the  plates  with  the  axis  of  the  telescope. 

This  method,  which  was  originally  employed  by  astronomers  in  the 
measurement  of  small  angular  distances,  as  in  the  ease  of  double  stars, 
has  the  special  advantage  that  it  does  not  require  complete  immobility 
of  the  ol)ject  to  be  measured. 

The  first  practical  ophthahnometcr  was  constructed  by  Laurent  and 
consisted  of  a  small  inverting  telescope  mounted  on  a  ti-ipod,  one  of 
the  feet  of  the  tripod  sliding  in  a  groove  in  the  board  which  serves  as 
a  base  for  the  instrument.  The  telescope  can  be  adjusted  to  the  level 
of  the  examined  eye,  by  means  of  a  set  screw  situated  in  tiie  sliding 
foot,  which  lowers  or  raises  the  telescope.  The  lateral  adjustment  is 
attained  b}'  moving  the  whole  tripod  from  side  to  side  on  the  board. 
A  doubly-refracting  prism  placed  between  two  convex  lenses  makes  up 
tlie  compound  objective  of  tlie  telescope. 

Ophtlialmometry  was  really  jji-ou^ht  to  its  position  of  a  fixed  science 
and  its  true  importance  shown  by  the  investigations  and  inventions  of 
Emile  Javfd  and  his  pupil  II.  Seliiiit/.  Tliey  devehjjx'd  an  instnimeTit 
which  could  l)e  used  in  an  o7-(linary  consulting  i-oom  and  whi(;h  would 
almost  instantly  record  the  (lirfecence  between  the  hoi-izontal  and 
verti<'al  meridians,  as  well  ;is  measure  and  I'eLiistei-  the  radius  of  curva- 
ture of  the  cornea. 

There  are  sevei-al  (JifTerent  models  of  o|>litlialmometei's  in  use  today 
but    the\'   ai'e  all   based   on   the   same  o|i1ical    |irinei|ile  as  the   uriginal 
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ones.  An  nnderstiuuling  of  tliis  priiieii)le  makes  the  operation  of  any 
ophthalniometer  clear, 

P'or  all  practical  purposes  the  anterior  surface  of  the  cornea  may 
be  considered. as  a  convex  mirror  and  we  know  that  retiections  from  a 
convex  mirror  are  reduced  in  size.  The  reflection  of  a  white  disc  or 
circle  in  a  concave  mirror  would  be  perfectly  round,  but  larger,  while 
in  the  convex  it  would  be  smaller,  but  still  round.  If.  however,  the 
mirror  were  more  curved  in  one  meridian  than  in  the  other,  the  reflec- 
tion of  the  circle  would  be  no  longer  round,  but  oval,  and  the  greater 
the  difterence  in  the  curve,  the  more  oval  the  reflection.  The  disc  of 
Placido  is  based  on  this  principle  and  was  used  for  diagnosing  astig- 
matism, very  early  in  ophthalmology.  The  patient  was  seated  with 
his  back  to  a  window  while  the  observer  held  the  disc  in  such  a  way 
that  he  could  see  its  reflection  in  the  cornea  and  watch  for  any  distor- 
tion through  the  aperture  in  the  centre.  This  would  show  plainly  any 
irregular  astigmatism  and  also  any  high  degrees  of  regular  astigma- 
tism, but  the  flattening  of  the  circle  was  so  slight  as  to  be  imperceptible 
in  slight  variations.  The  next  step  was  to  place  in  the  aperture  a  prism 
so  arranged  that  the  observer  would  see  a  double  reflection,  the  edge 
of  one  disc  just  touching  the  other.  If  the  retiections  were  perfectly 
round,  by  rotating  the  instrument  one  circle  would  seem  to  roll  around 
the  other  with  their  edges  in  perfect  contact.  If,  however,  the  reflec- 
tions were  even  a  trifle  elliptical,  they  would  separate  in  the  meridian 
of  sharpest  curve  and  overlap  in  the  flattest.  Even  the  slightest  over- 
lapping or  separation  would  show  some  corneal  astigmatism  and  it  only 
remained  to  work  out  the  details  for  observing  and  measuring  the 
amount  of  variation  to  give  us  the  ophthalmometer.  Two  illuminated 
mires  are  used  to  indicate  the  location  of  the  periphery  of  the 
imaginary  circle  and  as  the  instrument  rotates,  if  the  circles  separate, 
the  mire  with  the  step  overlaps  on  the  parallelogram  and  each  step  of 
the  overlap  indicates  1  dioptre  of  corneal  astigmatism.  In  order  to 
make  the  results  accurate,  a  convex  lens  of  known  strength  is  mounted 
in  the  barrel  so  that  no  clear  image  can  be  secured  except  when  the 
lens  is  at  the  exact  distance  from  the  cornea. 

A  portable  ophiJialmomcter  has  been  invented  by  Thos.  Reid,  of 
Glasgow.  It  consists  essentially  of  an  aplanatic  convex  lens  of  known 
focus,  a  rectangular  prism  neutralized  in  its  centre  by  a  smaller  prism, 
one  side  of  the  rectangular  prism  being  adjacent  to  the  lens,  and  the 
circular  or  other  disc  being  opposite  the  other  side  in  the  principal 
focus  of  the  lens.  When  the  instrument  is  placed  in  front  of  a  convex 
surface  to  be  examined,  with  the  disc  turned  toward  a  luminous  body, 
a  virtual  image  of  the  disc  will  be  formed  at  a  virtual  focus  of  the 
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roiivi'X  i-otirctiiiy  surface.  This  image  will  only  be  seen  distinetly  by 
tlie  emmetropic  eye,  through  the  neutralized  portion  of  the  prism  when 
the  focus  of  the  lens  in  fi'out  coincides  with  the  virtual  focus  of  the 
convex  surface.  The  instrument  is  held  in  the  observer's  left  hand, 
which  rests  on  the  foivhead  of  the  patient,  the  disc  being  directed  to  a 
luminous  source  to  the  ritilit  of  the  observe!'. 


The  Hardy  Ophthalmometer. 

To  successfully  operate  the  ophthalmometer,  it  is  necessary  to  use 
the  instrument  very  carefully  and  precisely.  ]\lany  incorrect  estimates 
as  to  the  value  of  ophthalmometry  are  due  to  opinions  being  based  on 
results  obtained  by  inexpert  hands.  The  operation  of  an  ophthal- 
mometer is  not  a  mere  mechanical  procedure  which  one  person  may 
do  as  well  as  another.  It  is  a  procedure  which  requires  skill  and  study, 
and  in  which  one  becomes  more  proficient  after  prolonged  use ;  the 
same  as  one  gradually  becomes  skilful  in  ophthalmoscopy  by  continued 
practice. 

The  following  rules  apply  to  the  use  of  any  of  the  newer  ophthal- 
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mometers  and  should  be  carefully  carried  out  wheu  making  an  ex- 
amination. 

The  illumination  is  tirst  to  be  considered  and  on  a  clear  day  the 
light  from  a  window  with  northern  exposure  is  sufficient ;  but  bright 
sunlight  should  not  be  used  as  the  bright  reflection  might  cause  a  reflex 
closure  of  the  patient's  lids.    All  ophthalmometers  today  are  provided 


'rii(«   < '.    1.   Ojilil  lialiiioiiiotor. 

with  clcctiic  illiiiiiiiiat  ion  ;  cillirr  anvingcd  lo  i-oiiic  ri-oin  I'onr  fici'tric 
globes  aiul  be  rcllcctcd  fi'om  llir  mires  or  llic  mires  tlieiiiselves  ai'e 
directly  illuminated  by  globes  placed  behind  them.  When  light  from  a 
window  is  used  the  patient  s  back  should  be  toward  the  window  and 
no  source  of  light  slionld  lie  in  I'ront  ol'  the  jiat  ient. 

'I'lie  cross  hairs  in  the  liihe  shonld  nixt  he  hronght  into  distinct  \-iew 
by  the  examinei'.  This  is  done  hy  tnrnini;  the  ocniar  eye  piece  to  the 
j-ight.  when  the  observe)'  is  myo])i<',  and  to  hdt    when   he  is  hyperopic 
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The  further  the  eye  piece  ean  be  tunietl  to  the  left,  aud  a  clear  view 
of  the  cross  hairs  luaintaiiied,  the  Ix'tter  it  is.  If  there  be  any  dirt  in 
the  tube  it  will  be  shown  by  irregularities  in  the  calibre  of  the  hairs. 


The  ' '  Universal   Ophthalmometer. ' ' 

Place  the  patient  in  an  easy  position,  seated  and  facing  the  instru- 
ment. Then  have  him  place  his  chin  on  the  chin-rest  and  his  fore- 
head against  the  head-rest,  with  his  eyes  wide  open  and  upon  a  level. 
By  sighting  through  the  transverse  slit  just  above  the  telescope,  we 
can  adjust  the  head  so  that  the  patient's  eyes  are  exactly  horizontal. 
One  eye  is  now  covered  by  the  small  shade  and  the  patient  is  told  to 
look  directly  into  the  tube  with  the  free  eye.  The  operator  will  now 
focus  the  eye  by  sighting  along  the  upper  side  of  the  tube,  through  the 
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notch,  at  the  centre  of  the  cornea.  Next  look  through  the  tube  and  by 
moving  the  instrument  forward  and  backward,  raising  and  lowering 
it  by  aid  of  the  thumb  screw,  bring  into  the  field  of  the  telescope,  a 
distinct  image,  on  the  cornea,  of  the  disc  and  mires.  A  doubling  of  the 
disc  and  mires  will  be  found,  due  to  the  prism  in  the  telescope.  Xo 
attention  is  paid,  however,  to  the  two  images  far  out  at  the  sides,  the 
two  in  the  oval  space  being  the  only  ones  of  importance. 

The  observer  now  proceeds  to  the  "primary  position."  This  is  the 
point  at  which  the  transverse  lines,  dividing  the  mires  into  halves, 
become  exactly  coincident  so  as  to  form  one  continuous  line.  Tliis 
means  (when  there  is  anj^  astigmatism)  that  we  have  found  one  of 
the  axes  of  the  astigmatism.  The  other  axis,  in  the  majority  of  eases, 
is  90  degrees  from  this.  It  is,  therefore,  at  right  angles  to  it  and  is 
the  secondary  position.  If  there  be  no  astigmatism  present,  the  trans- 
verse lines  are  always  opposite  and  coincident.  If  there  be  irregular 
astigmatism  present,  the  transverse  lines  are  never  coincident  and  can- 
not be  made  so.  The  start  to  find  the  primary  position  should  be  from 
that  point  at  which  the  long  indicator  is  at  0  degree.  If  we  find  the 
transverse  lines  are  coincident  at  this  point  we  need  proceed  no 
further  for  the  primary  position  is  obtained.  If  not  coincident  at 
zero,  the  tube  is  turned  from  right  to  left  very  slowly,  until  the  lines 
exactly  coincide,  providing  this  occurs  before  135  degrees  are  reached. 
If  135  degrees  are  reached  and  the  lines  have  not  become  coincident,  go 
no  further  in  that  direction.  Turn  the  long  pointer  back  to  0  degree 
and  proceed  from  left  to  right  toward  45  degrees.  The  lines  must 
necessarily  become  coincident  before  45  degrees  are  reached.  The 
primary  position  cannot  possibly  be  farther  than  45  degrees  on  either 
side  of  0  degree  if  a  case  of  regular  astigmatism  is  being  examined. 
The  cross  lines  of  the  mires  being  coincident,  we  carefully  note  the 
position  of  the  long  pointer  and  it  becomes  only  necessary  to  approxi- 
mate the  mires  to  be  ready  for  the  next  step. 

The  telescope  is  next  turned  from  the  first  jxjsitioii  to  llic  second 
position  which  is  o])tained  by  rotating  to  the  left  until  the  long  pointer 
moves  00  degrees  to  the  left  of  the  primary  position.  It  is  now  found 
that  the  mires  have  either  overlapped,  meaning  astigmatism  with  tiie 
rule,  or  have  separated,  signifying  astigmatism  against  the  rulr. 

For  example,  if  the  primary  position  was  00  degrees  and  tlie  mires 
have  overlai)ped  two  stei)s  \\<-  would  conclude  that  two  degrees  of 
astigmatism  with  tlic  rule  were  pi-e.sent,  and  would  note:  -[- 2.00  I), 
cyl.,  axis  00°  or  —  2.00  D.  cyl.,  axis  ISO  . 

But  if  the  mires  have  separated  two  .steps  and  if  the  primary  posi- 
tion, for  exam|)le.  shouh!  Iiave  been  ."{O    we  Unow  that  there  are  present. 

Vol.  VI— 46 


4716  EXAMINATION  OF  THE  EYE 

two  dioptres  of  astigmatism  against  the  rule  and  record  +  2.00  D.  cyl., 
axis  30°,  or  —  1.00  D.  cyl.,  axis  120°  To  ascertain  the  exact  number 
of  steps  to  which  the  separation  of  the  mires  is  equivalent,  the  mires 
are  moved  so  as  to  exactly  approximate  while  the  instrument  is  in  the 
second  position.  It  is  then  rotated  back  to  the  primary  position  and 
the  mires  overlapping,  the  amount  of  astigmatism  can  be  read  off  as  in 
astigmatism  with  the  rule. 

On  the  upper  surface  of  the  arc  carrying  the  mires,  is  a  graduated 
measure  to  show  dioptres  of  refraction.  It  does  not  give  the  hyperopia 
and  myopia  of  the  eye,  but  simply  indicates  the  corneal  curvature. 
On  the  clamp  of  each  mire  there  is  a  mark  which  enables  one  to  read 
at  a  glance  from  this  graduated  arc  the  total  refraction  of  each  me- 
ridian of  the  cornea.  It  is  well  to  record  at  least  the  total  refraction 
of  one  meridian,  preferably  the  one  of  least  refraction. 

If  so  desired,  the  astigmatism  can  be  read  from  the  graduated  arc  by 
measuring  alternately  the  meridians  of  greatest  and  least  refraction  oi 
the  cornea. 

The  radius  of  curvature  of  the  cornea  is  recorded  in  spaces  on  a 
graduated  scale,  placed  on  the  right  of  the  inner  circle  of  the  ar?.. 
These  spaces  number  from  6  to  10,  each  space  being  divided  into  ten 
equal  parts.  The  reading  is  in  millimetres  and  the  amount  is  indicated 
by  a  mark  on  the  clamp  of  the  traveling  mire. 

One  of  the  newer  alterations  found  in  some  of  the  ophthalmometers 
is  an  arrangement  whereby  both  mires  are  made  to  move  at  the  same 
time  by  turning  a  thumb  screw-,  fixed  on  the  graduated  are. 

There  are  several  factors  which  operate  against  absolute  accuracy 
in  the  results  obtained  by  ophthalmometry.  If  the  anterior  and  pos- 
terior surfaces  of  the  cornea  were  exactly  parallel,  and  its  substance 
of  the  same  refractive  index  as  the  aqueous,  we  could  consider  the 
cornea  and  aqueous  as  practically  a  single  powerful  convex  lens,  and 
the  ophthalmometer  would  be  a  very  exact  means  of  estimating  its 
power.  This,  however,  is  not  the  case.  The  cornea  we  well  know  is 
thinner  in  its  centre  and  even  the  anterior  surface  is  more  convex 
at  its  centre  than  at  the  periphery.  It  is  also  not  infrequent  for  both 
surfaces  (anterior  and  posterior)  to  have  separate  astigmatisms  of  their 
own.  The  aqueous  humor  also  possesses  a  slightly  lesser  density  than 
the  cornea,  causing  a  slight  refraction  to  take  place  between  the  two. 
Therefore,  even  under  the  most  favorable  conditions,  the  examina- 
tion is  liable  to  result  in  a  regular  error  of  from  one-half  to  one 
dioptre.  In  fact  this  discrepancy  has  been  noticed  so  regularly  that 
Burnett  has  formulated  a  rule  which  in  the  main  is  correct,  and  which 
if  adhered  to  w^ould  minimize  mistakes.     As  formulated  by  Burnett 
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the  rule  states :  "For  the  total  subjective  astigmatism,  subtract  0.50  D. 
from  the  corneal  astigmatism  wheu  it  is  with  the  rule,  and  add  0.50  D. 
if  the  corneal  astigmatism  is  against  the  rule." 

In  in-egular  astigmatism  the  ophthalmometer  becomes  a  ver.y  valu- 
able assistant  in  finding  the  axes  of  the  meridians  of  least  and  greatest 
corneal  curvature,  as  well  as  the  amount  of  astigmatism.  In  these  cases 
it  is  impossible  to  bring  into  a  continuous  line,  the  two  lines  bisecting 


The  Soutor  Oplitlialniometcr. 

the  mires,  but  the  overlapping  and  sei)arating  of  the  niii-cs  gives  a  clue 
to  the  axes  of  the  meridians  of  greatest  and  least  eurvatui'e. 

It  is  sometimes  extremely  difficult,  or  may  even  be  impossible,  to 
measure  the  vei'tical  mei-idian  of  the  iMiniea  of  palieiils  with  (h^ep-sel 
eyes,  overhanging  lids  or  long  laslies. 

Ill  making  the  examination  we  often  notice  tlie  mires  sepm-jite  and 
then  overlap  again,  at  times  when  the  api>iiratus  is  entirely  stationary. 
This  is  due  to  movements  of  the  eye  under  examination,  causing  dif- 
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As  soou  as  the  direction  of  the  sliadovv  has  been  determined  convex 
glasses,  if  the  patient  is  ennnetropic,  myopic  less  than  one  diopter  or 
hypermetropic,  and  concave  s'l^sses  if  the  patient  is  myopic  more  than 
one  diopter,  should  be  placed  in  the  spectacle  frame  in  front  of  the 
patient's  eye  and  increased  in  strength  nntil  that  glass  is  reached 
which  reverses  the  movement  of  the  shadow. 

The  two  principal  meridians  of  the  eyeball,  usually  the  vertical  and 
horizontal,  should  in  this  way  lie  worked  out  separately.  If  the  same 
lens  reverses  the  shadow  in  each  meridian  we  have  simple  hyper- 
metropia  or  myopia,  as  the  case  may  be.  If  it  is  a  hypermetropia,  say 
of  three  diopters,  it  is  recorded  as  follows : 

4-3 


Skiascopy  Eesults   in   Simple  Hypermetropia. 

If  myopia,  as  follows : 

-3 


Skiascopy  Eesults  in  Simple  Myopia. 

As  the  observer  is  one  metre  distant  from  the  eye  under  examination 
(the  distance  of  the  point  of  reversal  of  a  myopic  eye  of  one  diopter) 
that  amount  should  be  subtracted  from  the  result  in  hypermetropia 
and  added  to  the  result  in  myopia.  In  other  words,  in  the  skiascopic 
result,  the  hypermetropic  eye  is  over-corrected  and  the  myopic  eye 
under-corrected  one  diopter  in  each  meridian.  The  results  should  then 
read,  to  give  the  real  state  of  things: 


+  3 
-  / 

+  2 


+  3 

-  / 


-  3 

-  / 


-  3 
—  / 


In  the  first  instance  the  patient  is  farsighted  to  the  extent  of  two 
diopters ;  in  the  latter  myopic  four  diopters.    If  a  spherical  convex  lens 
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of  +  2  diopters,  or  a  spherical  concave  of  —  4  diopters  were  placed 
in  the  trial  frame  before  the  eye,  the  full  amount  of  the  hypermetropia 
or  myopia  would  be  corrected  and  the  correction  would,  in  each  case, 
make  the  patient  emmetropic  and  give  him  the  best  vision. 

We  have  seen  that  in  regular  astigmatism  the  refraction  in  the 
two  principal  meridians  is  unequal.  When,  therefore,  the  point  of 
reversal  is  found  in  one  meridian,  that  at  right  angles  to  it  is  still 
uncorrected.  The  lenses  should  now  be  adjusted  so  that  the  shadow 
in  this  other  meridian  is  reversed.  The  ditl^'erence  between  the  two 
meridians  gives  the  amount  of  the  astigmatism. 

In  the  retinoscopic  result  the  meridian  of  least  error  corresponds  to 
the  axis  of  the  cylinder  employed  to  correct  it,  and  this,  in  the  majority 
of  hypermetropes,  is  in  the  vertical  meridian,  usually  indicated  by  90 
degrees;  while  in  myopia  it  is  in  the  horizontal  meridian  (or  at  180 
degrees). 

In  simple  astigmatism  the  reversal  of  the  shadows  might  be  repre- 
sented as  follows: 

-2 


+1 
Skiasfopy   Eesults    in    Simiilo    Hypernietroi)i('    and    Siii)i>li>    My()i>i{'    Astiijiiiatism. 

Adding  — 1  (the  point  of  reversal  of  a  myopic  eye  of  one  diopter  at 
one  metre)  to  each  meridian  the  formula  to  he  placed  in  the  trial  lens 
in  front  of  the  eye  would  read : 

4-  1  D  cyl.  ax.    90° 
—  31)cyl.ax.  180° 

In  compound  astigiiintism  llic  rcvci-sal  of  tlic  shadows  wonld  l)e  as 
follows : 

+  Z  -3 


+  J 


-z 


Skiascopic  Results  in   Coinpoiui.l    Hypermetropic   aiKl   Cninpnun.l    Myopn- 

Astij^niatism. 

Adding  —1  (the  point  of  reversal  of  a  myopic  eye  of  one  diopter 
at  one  metre)  to  eadi  meridian  Ihe  formuhi  to  be  placed  in  the  trial 
frame  in  front  of  thf  eye  would  iviid  : 
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+  1  D  sp.  +  1  D  eyl.  ax.    90° 
—  3D  sp.  —  ID  eyl.  ax.  180° 

III  luixt'tl  astigmatisiu  one  meridian  is  myopic  (usually  the  vertical) 
and  that  at  right  angles  to  it  is  hypermetropic  (usually  the  horizontal) 
a  concave  lens,  say  of  2  D  being  used  to  get  the  reversal  of  the  shadow 
in  the  former  while  a  convex  lens,  say  of  3  D  is  used  for  a  like  purpose 
in  the  latter  meridian.     The  skiascopic  result  would  read  as  follows: 

-2  -   3 

— +3  — 


-f  ^ 


Skiascopic  Ivcsults  and  Correction  in  Mixed  Astigmatism. 

Adding  — 1  D  (the  point  of  reversal  of  a  myopic  eye  of  one  diopter 
at  one  metre)  to  each  meridian,  the  result  should  then  read  to  give  the 
real  state  of  things : 

The  lenses  to  be  placed  in  the  trial  frame  before  the  eye  may  be 
either  one  of  the  following: 

1.  Using  crossed  cylinders,  as  follows: 

—  3  cyl.  ax.  180° 
+  2cyl.ax.    90° 

2.  Using  a  convex  sphere  and  a  concave  cylinder : 

+  2  D  sp.  —  5  D  cyl.  ax.  180° 

3.  Using  a  concave  sphere  and  a  convex  cylinder : 

—  3  D  sp.  +  5  D  cyl.  ax.  90° 

In  mixed  astigmatism  the  sum  of  the  two  results  gives  the  amount 
of  the  astigmatism,  because  a  convex  or  concave  spherical  lens  placed 
in  front  of  the  myopic  or  hypermetropic  meridian  produces  just  as 
much  more  myopia  or  hypermetropia,  as  the  case  may  be,  in  that 
meridian,  and  requires  the  addition  of  a  concave  or  convex  cylinder  of 
such  strength  to  correct  it. 

The  axonometer  (see  illustration)  has  been  invented  by  Thorington, 
to  aid  in  finding  the  exact  axis  subtended  by  the  band  of  light  while 
studying  the  retinal  illumination,  after  the  meridian  of  least  ametropia 
has  been  corrected. 

In  using  this  instrument,  it  is  placed  in  the  opening  of  the  trial 
frame,  and  accurately  adjusted,  so  that  the  cornea  of  the  eye  to  be 
refracted  occupies  the  central  opening.  When  the  lens  is  found  which 
corrects  the  meridian  of  least  ametropia,  and  the  band  of  light  appears 
distinct,  turn  the  axonometer  slowly  until  the  two  heavy  white  lines 
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accurately  coincide,  or  appear  to  make  one  continuous  line  with  the 
band  of  light.  The  degree  mark  on  the  trial-frame  to  which  the  arrow- 
head at  the  end  of  the  white  line  then  points  is  the  axis  I'or  the  cylinder. 


Tlie  Axonoiiieter. 


The  "Stamlaril ' '    I'Uccti'ii-    IJetinoscopo    (Dp   Zeiiiij). 


' '  K'i'j,Mil;ir  ' '   I'^lcctiic   R('tiii(isc(i[K'   l';(|iii|i|i(M|  willi  'riMiriii^^tiMi   IM.'iiin  Mirror. 


.1  IK  ir  )■(  I iii()S(()/)(   lias  hrcii  (Icsci'ihcd  li>   .\ii<:u.s  .Mariiah  (sec  lij^ure) 
in  w  liicli  the  tiiinof,  iiislcad  ol'  liciii^  plane  of  spherically  eoneavc,  is 
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cyliiidrieal,  and  the  eftVe-t  on  the  ilhuninated  area  of  the  fundus  is  to 
pfoduee  a  band  of  light  instead  of  an  image  of  the  lamp. 

By  means  of  milled  wheels  the  mirror  is  allowed  to  rotate  and  the 
band  of  light  on  the  fundus  ean  be  made  to  lie  in  the  axis  of  the  astig- 
matism when  such  is  present. 


The  Simplex   Eetinoseope. 


It  is  claimed  that  after  very  little  practice  the  location  of  the  axis  can 
be  made  to  within  five  degrees,  a  matter  of  great  importance  in  examin- 
ing young  children. 

Electric  rctinoscopes  of  several  different  varieties  have  been  designed 
and  are  gaining  much  in  favor.  They  are  much  easier  of  manipulation 
than  the  ordinary  instrument  and  two  models  are  illustrated  herewith. 

TJte  simplex  reiinoscope  is  a  convenient  form  devised  by  William 
Ettles,  F.  R.  C.  S.  As  shown  in  the  accompanying  illustration,  it  is  a 
neat  little  instrument  with   looped   nickel-plated  handle'  attached  to 
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three  grooved  iioklers,  in  the  centre  one  of  whieh  is  fixed  a  j)hme  mirror 
l\-j  inches  in  diameter. 

By  placing  a  phis  l.oOD  sphere,  in  the  front  cell,  the  uiirroi-  acts  as 
a  concave  mirror  of  33  cm.  focus.  The  light  having  undergone  two 
refractions  and  the  observer  being  accommodated  by  the  glass  (one 
refraction)  for  the  indirect  image,  it  forms  an  admirable  ophthalmo- 
scope for  indirect  examination. 


Wiiiik'niaiiii  Skiascope. 


^larple's  iSkiascopic  iiaekii. 

Any  focus  of  the  mirror  can  be  obtained  by  putting  one  lens  in  fiout 
and  a  neutralizing  lens  behind.  Thus  a  plus  2.()()l)  =  'io  cm.  and  minus 
2.00D  behind  gives  clear  vision. 

The  observer  can  always  correct  his  own  ametroi)ia  with  the  neces- 
.sary  lens  in  the  front  cell.  If  he  likes  a  weak  convex  miri-or  he  can  put 
a  minus  0.50D  in  front,  and  so  on. 

A  time-saving  method  of  doinfj  rdinoscopy  is  hy  llie  aid  of  batteries 
of  lenses,  mounted  in  franu'S,  and  held  in  front  of  Ihc  jiatient's  eyes  by 
the  patient  himself.  They  afford  the  ('(iiivcnii'nt  means  of  changing 
len.ses  l)efore  the  pal  imt  's  eyes;  the  cxaminci'  simply  dii-ects  the  |)atient 
to  move  the  rack  np  or  down  as  drsii'ed.  A  ridge  along  eacii  side  jn-o- 
tects  the  lenses  from  coming  in  contact  witli  the  |»atii'iit's  face,  while 
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Geneva  Eetinoscope  and  Ophthalmoscope  Combined. 


The  "Wignioie"  Roll  Top  Test  Cabinet. 
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permitting  the  lenses  to  be  brought  as  close  as  possible  to  the  eye.    Two 
models  of  these  instruments  are  shown. 


A  Conven'iLMit  Trial  Case  made  by  F.  A.  Hanly  &  Co. 


K.  W.   Doyiic  {Ophthalmic  Record,  July.  IIHO)   has  designed  a  set 
of  trial  h'li.ses  for  u.sr  in  the  dark  room  wliilr  making  ivtinoseopy  tests. 
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These  lenses  are  set  in  frames  luatle  with  various  marks  on  the  rims 
and  handles  of  different  shapes,  so  that  by  merely  feeling  the  rims  or 
handles  one  is  enabled  to  ascertain  tlie  strength  of  glass  used,  thus 
obviating  any  necessity  for  examining  the  lenses  by  sight. 


Foiaiiio-   Ticket   Trial   Case. 


A[eOormick  Portable  Trial  Case. 


Several  retinoscopes  have  been  designed  during  the  past  few  years, 
which  have  the  retinoscopic  mirror  fitted  to  a  stationary  apparatus 
which  also  contains  a  series  of  lenses,  a  source  of  light,  and  a  head-rest 
for  the  patient.  They  are  also  so  made  that  they  may  be  used  for 
ophthalmoscopic  examinations.  One  of  the  latest  models,  the  Geneva,  is 
illustrated. 

After  completing  the  objective  refraction  of  the  eyes  the  surgeon  cor- 
roborates his  findings  by  the  sulijective  test,  that  is,  the  use  of  the 
trial  frame  and  lenses. 
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Attention  is  first  drawn  to  the  matter  of  lens  trial  cases.  These  out- 
fits are  now  made  in  most  complete  and  elaborate  style.  They  contain 
all  the  different  apparatus  needed,  including  trial  frames,  prisms, 
colored  glasses,  diaphragms,  lenses,  etc.,  all  neatly  and  compactly  ar- 
ranged in  proper  cases.  The  ''Wigmore"  cabinet  shown  in  the  illus- 
tration is  one  of  the  very  complete  outfits.    Several  other  trial  cases  are 


The  "A.  O.  Co."  Tiavoliiio;  Style  Tiiiil   Set. 

shown,  among  which  is  a  practical  folding-  poi-kct  case,  coiilaiiiiiig 
an  assortment  of  the  most  commoidy  needed  lenses. 

^Messrs.  C.  AV.  Dixey  &  Son.  of  London,  have  const rnctcd  n  ti-ial  ca.se 
set  in  accordance  witli  the  specifications  of  Ki-nest  ('larkf.  which 
contains  spherical  and  cylindrical  lenses  in  eighths  of  a  dioptre  to 
1.00  D.,  in  quarters  to  5.00  D.,  and  in  lialT  dioplivs  lo  2().()()  I).  'I'his 
extensive  assortment  of  lenses,  togetliei-  wilh  |ti'isiiis.  etc..  is  roiitiiined 
in   a  case,  measnring  2(i  l)y  22   inches. 

As  a  valuable  addition  to  tlie  comph-ten<'ss  of  the  tri;il  lens  s.'t.  tlie 
folding  tinted  lens  combination  (see  figure)  is  an  iiiip(irt;in1  .isset. 
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The  recognized  value  of  tinted  eye-glass  and  spectacle  lenses  has  led 
to  their  general  employment,  and  oculists  are  frequently  consulted  as 
to  the  proper  shade  to  be  worn.  The  set  of  "fronts"  making  up  the 
trial  set  illustrated  herewitli,  are  of  great  value  in  assisting  the 
physician  and  his  patient  in  determining  what  color  gives  the  best 
result  in  any  particular  case. 

The  frames,  four  in  number,  are  of  hard  rubber  and  contain  one  pair 
each  Amber  No.  1,  Amber  No.  2,  Euphos  No.  1  and  Euphos  No.  2. 
When  not  in  use,  the  set  can  be  folded  into  small  compass. 


Folding  Tinted  Lens  St-t. 


The  tirst  lenses  used  for  ophthalmic  purposes  were  numbered  accord- 
ing to  the  radius  of  curvature  of  the  tool  on  which  they  were  ground, 
both  surfaces  having  the  same  curvature.  With  the  glass  commonly 
employed  in  them  it  happened  that  for  such  a  lens,  the  number  indi- 
cating the  radius  of  curvature  in  inches  also  indicated  approximately 
the  number  of  inches  of  the  principal  focal  distance.  In  such  a  system 
the  strength  of  the  lens  was  necessarily  expressed  by  a  fraction — one 
divided  by  the  focal  distance  of  the  lens.  Thus,  the  18-inch  lens  had 
a  strength  of  1/18. 

In  combining  lenses  in  practical  work,  it  becomes  necessary  to  add 
and  subtract  the  strengths  of  the  lenses  combined.  Such  calculations 
must  be  made  repeatedly  for  every  eye  that  is  tested,  and  the  difficulty 
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of  adding  and  subtracting  fractions  make  it  a  matter  of  serious  im- 
portance. 

Minor  objections  to  the  old  system  of  numbering  were  the  variations 
of  inches  in  different  countries,  and  the  irregular  intervals  in  the 
series. 

In  order  to  avoid  these  objections  the  dioptric  or  metric  system  of 
numbering  lenses  was  adopted.  In  i1  the  unit  is  a  diopter— the  focus- 
ing power  required  to  bring  parallel  rays  to  a  focus  at  a  distance 
of  1  metre.  Each  lens  is  numbered  liy  its  strength,  in  whole  numbers 
or  in  decimal  fractions,  which  can  l)e  added  or  subtracted  like  whole 
numbers.  A  lens  which  has  a  focusing  power  that  will  unite  parallel 
rays  at  1  metre  being  called  a  1  diopter  lens.  A  lens  having  twice 
this  strength  is  called  a  2.D.  lens,  and  has  a  focal  distance  of  1/2  metre. 
One  having  only  a  quarter  of  the  unit  of  strengtli  is  a  0.25  D.  lens, 
and  has  a  focal  distance  of  4  metres;  and  so  on  throughout  the  series. 

In  using  the  test  lenses  they  are  placed  before  the  patient's  eye,  in 
the  test  frame,  to  find  the  lens  or  combination  of  lenses  with  which  he 
sees  best.  This  might  seem  to  be  a  very  simple  procedure  not  requir- 
ing any  special  skill,  and  yet  to  arrive  at  accurate  results  one  must 
exercise  great  care,  system,  skill,  and  good  judgment. 

Many  different  styles  and  shapes  of  trial  frames  have  been  iiuuh'. 
A  successful  frame  should  be  as  liglit  and  as  comfortable  as  possible. 
It  should  be  so  constructed  as  to  alh)w  of  fvoe  adjustment  in  every 
direction. 

One  of  the  newer  designs  is  that  described  by  F.  T.  Rogers  and 
shown  in  illustration.  This  frame  consists  essentially  of  two  steel 
plates  joined  at  the  center  by  extension  pieces  which  ai'c  toothed  inside 
to  form  a  double  rack.  By  placing  a  pinion  between  these  two  i-acks, 
we  secure  an  adjustment  for  the  interpupilary  distance,  biil  in  addi- 
tion to  this,  the  pinion  may  be  pushed  up  or  down  in  the  i';iek  to  hi-ing 
the  bridge  to  the  required  height.  These  details  are  easily  eomi)re- 
hended  by  a  reference  to  the  cut. 

The  rack  and  pinion  being  carefully  nuide  and  adjusted,  the  two 
sides  or  eyes  of  the  trial  frame  are  rigidly  held  in  theii-  true  i-elation 
with  regard  to  each  other.  The  trouble  experienced  witli  many  frames 
in  that  the  axis  scales  soon  lose  their  trne  value,  lias  been  ahsoliitely 
removed  from  this  frame.  In  spite  i.f  its  soli<lity  and  rigidity,  the 
frame  is  light  in  weight. 

To  accommodate  every  possible  combination  of  lenses,  eaeh  of  the 
cells  is  arranged  to  securely  hold  four  lenses,  the  main  body  holding 
two  lenses  of  any  foei  Cexeept  the  very  strongest),  with  pins  in  front 
holding  the  third  lens  and  a  cell  in  the  rear  holding  the  foui'th  lens. 
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Another  frame  whieli  is  very  effieieiit  is  the  "Tosswill, "  which  can 
be  best  understood  by  consulting  the  illustration. 


Tosswill's  Trial  Fr.'uiic 


Tile  '-California"  trial  frame  is  one  whicli  is  a  distinct  departure 
ill  its  construction  from  the  frames  now  in  use.  By  consulting  the 
illustration  it  will  be  seen  that  in  place  of  resting  on  the  nose  and 
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ears,  the  frame  is  hung  in  front  of  the  eyes  from  a  head  band,  which 
extends  over  the  top  of  the  patient's  head. 

The  "Light  Weight"  trial  frame  is  made  of  a  white  composition 
which  is  a  close  imitation  of  ivory,  Avith  the  scale  markings  engraved 


The  "California"  Trial  Frame    (Baers). 


E.B    MEVROWITZ 


The  "Light  Weight"   Trial  Frame. 

thereon  and  filled  in  black.     It  is  very  light  in  w-'igbt  and  conifortablc 
to  the  I)a1ien1. 

Several  insti'iiincnls  liavc  liccii  invented  to  take  tlir  pbicc  of  tb.' 
trial  frame  and  test  lenses.  Tliey  i-onliiin  batteries  of  lenses  so  moniited 
tbat  they   may  be  revolved    inio   pbiee    in    front    of   the  eyes  to  be  ex- 
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amined.    In  addition  tiiey  are  nsually  equipped  with  all  muscle  testing 
apparatus. 


The   De   Zeiig    Refraction    and    Miis;'le    Testing    Apparatus 


The  8ki-optoineter. 

Two  of  tliese  instruments  are  illustrated  :  tlie  De  Zeng,  which  has 
rather  large  discs  containing  many  lenses,  and  the  "  8ki-optometer, " 
which  has  fewer  lenses  that  work  on  a  neutralizing  i:>rinciple  to  secure 
the  many  different  lenses  needed  in  estimating  a  refraction. 
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A  number  of  different  instruments  for  estimating  refraction  havL> 
been  designed,  which  are  founded  on  entirely  different  principles  than 
the  use  of  the  test  lenses  or  combinations  of  lenses. 

At  the  present  time  none  of  them  has  to  any  great  extent  been 
brought  into  general  use  by  physicians.  Three  of  these  instruments — 
the  ' '  Punctumeter, "  the  "Ophthalmo-Axonometer,"  and  the  "Dioptro- 
meter" — will  be  described  and  illustrattHl  ami  the  claims  advanced  by 
their  inventors  will  be  given. 

The  puHctumeter  (see  illustration)  was  first  designed  by  J.  G. 
Huizinga,  but  the  instrament  now  in  use  lias  been  greatly  modified  by 
F.  A.  Hardy  &  Co.  The  instrument  is  what  its  name  implies,  a  point 
measure.  With  it  the  punctum  remotum  (far  point  of  distinct  vision) 
and  the  punctum  proximum  (near  point  of  distinct  vision)  are  quickly 
found.  If  an  eye  has  two  puncta  remota  (astigmatism)  it  locates 
each  of  them  and  the  meridians  in  which  they  lie. 

The  makers  claim  that  myopia,  hyperopia,  presbyopia,  astigmatism 
and  the  amplitude  of  range  of  accommodation  can  all  be  measured 
and  recorded  in  diopters  and  fractions  of  a  diopter,  thus  doing  away 
with  distance  measurements.  It  consists  of  a  tube  ten  centimetres 
long,  into  one  end  of  which  is  inserted  a  plus  lens.  Two  cells  for 
holding  trial  lenses  are  attached  to  the  other  end  of  the  tube,  one  of 
them  being  graduated,  enabling  tlie  operator  to  place  the  axis  of 
cylindrical  lenses  in  the  proper  meridians.  A  bar  upon  which  is 
mounted  a  sliding  target  operated  by  a  rack  and  pinion  is  attached 
to  the  end  of  the  tube  carrying  the  lens.  This  bar  also  carries  a  sup- 
plementary slide  which  can  be  fixed  at  any  point  on  the  bar  by  a  set 
screw. 

The  bar  is  square  and  is  graduated  on  three  sides,  the  graduations 
being  equal  (a  new  feature  in  optical  instruments).  For  every  unit 
of  motion  a  unit  of  refraction  is  shown.  The  graduations  are  in 
diopters  and  fractions  of  a  diopter.  At  0  on  the  riglit  side  of  the  bar  is 
established  an  absolute  infinity,  0  being  located  at  one  i)i-incii)al  focus 
of  the  lens,  and  when  operating  tiie  eye  is  placed  at  the  other  princiiial 
focus.  Myopia,  hyperopia,  astigmatism  and  the  amplitude  of  i-ange 
of  accommodation  are  read  on  tlie  right  sitle  of  the  bai-,  tlie  graduations 
being  0  and  the  lens  rei)i'esenting  myopia  (neai-  sight)  and  tliose  l)e- 
yond  zero  hyperoi)ia  (far  sight).  The  toj)  of  tlie  bar  is  graduated  in 
years,  from  the  age  of  twenty  to  that  of  sixty,  the  amount  of  noi-mal 
accommodation  for  each  of  these  years  being  shown  on  the  i-iglit  side 
of  the  bar  opposite  the  yeaj-. 

The  left  side  of  tlie  bar  fstaiiipcd  iTadiiig  ulasses)  is  grailuateil  to 
show  the  dioptric  power  of  a   plus  lens  i-erpiired  for  reading  or  iiejir 
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work,  llif  graduations  being  for  a  distance  of  one-third  of  a  metre. 
They  are  by  eighths  of  a  diopter  from  0  to  3D,  and  by  half  diopters, 
from  6  to  lOD,  and  by  whole  numbers,  from  10  to  18D,  enabling  the 
operator  to  refract  cases  requiring  lenses  of  any  power  from  0  to  18 
diopters. 

The  amount  of  accommodation  possessed  by  minors  at  different  ages 
(from  10  to  20  years)  is  stamped  upon  the  top  of  the  bar. 

In  speaking  of  the  OphtJialmo-Axonmeter  the  inventor  states  that 
the  instrument  is  a  simple,. scientific  apparatus,  constinicted  in  accord- 
ance with  sound  optical  principles,  designed  to  reduce  the  subjective 
chart  tests  to  the  acme  of  simplicity  and  accuracy,  and  to  prove  all 
tests. 


The  Punctunieter. 


Its  principle  is  two-fold : 

1.  The  scaling  down  of  the  distance  type  and  fan  chart  to  a  range 
of  a  few  feet,  and  still  preserving  the  requirements  of  the  standard 
visual  angle. 

2.  The  substitution  of  the  focal  length  of  the  lens  for  the  actual 
lens,  itself. 

Its  mechanism  is  as  follows  (numbers  refer  to  cuts)  : 

1.  (1)  is  a  three  cell,  monocular  trial  frame  made  to  be  revolved 
by  (3)  and  scaled  on  (2). 

2.  A  plus  8.  D.  Lens  in  the  observing  telescope  (4)  makes  the  far 
point  of  an  emmetropic  eye  scale  at  12.5  centimetres  from  the  optical 
centre  of  the  lens,  and  this  far  point  is  scaled  as  (zero)  on  the  upper 
beam   (5). 
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3.  A  dial  (7)  made  to  be  revolved  in  order  that  the  fan  and  type 
chart  (7-2)  and  cross  perpendicular  line  chart  (7-1)  maybe  alternated 
before  the  telescope  (4),  at  the  will  of  the  operator,  is  ranged  over  a 
dioptric  scale  on  (5). 


The  McLaughlin  Oiihthalmo-Axonmeter. 

4.  Fan  and  type  chart  (7-2)  and  cross  perpendicular  line  chart 
(7-1)  are  sealed  down  to  coincide  with  the  12.5  centimetre  distance. 
An  emmetropic  eye  at  the  telescope  will  read  the  lype  at  zero  and  the 
fan  will  appear  uniformly  black. 

5.  By  sliding  the  dial  (7)  backward  and  forward,  according  to  the 
gradations  engraved  on  the  beam  (5),  plus  and  minus  correction  is 
obtained  of  the  dioptric  values  indicated. 

Upon  the  above  simple  basis,  the  instrument  is  operated  for  the 
detection  of  and  estimation  of  refractioiuil  errors,  precisely  as  one 
would  use  the  6  metre  type  and  trial  ca.se,  merely  sliding  the  dial  in- 
stead of  changing  the  lenses  before  the  eye. 
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In  the  estimation  of  astigmatism,  as  soon  as  tlie  most  convex  meridian 
is  found,  by  means  of  the  fan  chart,  and  registered  by  the  axis  indi- 
cator (7-3),  the  other  side  of  tlie  dial  is  turned  (with  one  set  of  the 
cross  lines  on  the  same  axis  as  the  indicator),  and  it  will  be  found  that 
the  cross  lines  present  the  two  main  visual  meridians  of  the  observing 
eye.  When  the  focii  of  these  two  meridians  are  found,  by  means  of 
the  linear  sealing  on  (5),  the  correction  is,  of  course,  the  difference 
between  the  two  focal  points  as  sealed  on  (5). 


The  Eogers  Dioptrometer. 

While  it  does  not  purport  to  be  all  sufficient  (no  monocular  testing 
instrument  ever  can  be  this,  for  the  obvious  reason  that  all  monocular 
tests  must  be  verified  with  binocular  verification  at  the  trial  case)  it 
does  claim  to  prove  all  diagnoses  by  means  of  standard  test  lenses 
when  placed  in  the  cells  (1)  at  the  eye,  as  by  this  measure  the  far 
point  of  any  aberrant  eye  is  shifted  to  the  normal  far  point  on  the 
scale  beam  (5). 

The  inventor  of  the  "Rogers  dioptrometer"  states  that  the  scientific 
principle  upon  which  the  non-magnification  of  the  instrument  depends 
is  best  understood  by  assuming  that  within  the  outer  housing  there  are 
twin  opera-glasses  reversed  and  placed  end  to  end,  so  that  the  magni- 
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ficatioii  of  one  of  them  is  exactly  neutralized  by  the  reduction  of  the 
other,  and  this  relationship  is  not  violated  by  any  adjustment. 

Its  astigmatic  measurements  are  made  by  means  of  a  pair  of  cross- 
cylinders,  perpetually  at  rio:lit  angles  to  each  other.  Imt  which  are 
rotatable  for  axial  positions  and  separable  for  introtlucing  cylindrical 
values.  The  lenses  are  all  of  such  value  as  to  make  the  scales  in  centi- 
metres, but  they  are  scored  and  read  in  the  standard  units — diopters. 

Since  any  position  of  the  combined  cylinders  does  not  magnify, 
different  positions  of  the  two  for  the  measurement  of  astigmatism  do 
not  distort  the  object.  Astigmatism  is  not  oidy  measured  perfectly,  but 
the  corrected  chart  is  symmetrical,  as  it  appears  to  a  normal  eye. 


C'lofk-t'aco   Astiyinatic    Cliart. 

In  beginning  the  refraction  of  a  patient  the  first  procedure  is  to 
properly  adjust  the  trial  frame  to  his  face.  The  frame  should  always 
be  placed  as  near  as  possible  to  the  patient's  eyes  and  the  centres  of 
the  lenses  should  be  opposite  the  centres  of  his  i)upils.  When  a 
spherical  lens  placed  before  an  eye  improves  the  vision,  it  shouhl  not 
be  changed  for  another  unless  the  vision  is  made  better  by  liaving  its 
strength  increased  or  diminished  by  placing  in  front  of  it  auotlier 
sphere  (plus  or  minus)  of  lens  strength.  Spheric  lenses  are  always 
tried  before  using  cylinders,  and  the  vision  Ix-ought  as  h)\v  as  possible 
with  a  sphere  before  coml)ining  a  cylinder.  After  the  sphi-rie  lenses 
have  improved  the  vi.sion  as  much  as  possible,  lln  tisfinnintic  ihart  iii;iy 
be  brought  into  use  as  a  guide  to  recognize  the  astigni;iti.sin. 

Many  forms  of  astigmatic  charts  have  been  devised  hut  Ihey  all  work 
on  the  same  principle  and  are  for  the  purpose  of  finding  the  poi^ition 
of  the  prineip;il  meridians.  As  a  rule,  the  most  distiiu-t  lines  corre- 
spond to  the  most  am<'troj)ie  meridian. 
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F.  II.  ViThoeff  has  described  two  new  astigmatic  charts  which  differ 
in  some  important  respects  from  the  sun-ray  figure,  the  various  charts 
of  green  and  the  radiating  lines  in  groups  of  three  of  Wallace.  One 
of  the  new  charts  is  intended  solely  for  determining  the  axis,  the 
other  primarily  for  estimating  the  amount,  of  astigmatism.     Chart  1 


Z  O  B 

X?s  ^'^'S  \^'">^' 

r^'  T>  V 

Pray  's  Astigmatic  Letters. 


Diamond  Astigmatic  Chart. 

consists  of  a  series  of  wide  lines  (width  3.75  mm.)  radiating  from  a 
common  centre  and  placed  at  15  degree  intervals.  These  lines  are 
crossed  by  concentric  narrow  lines  (width  1.1  mm.),  forming  a  series 
of  circles  separated  from  one  another  by  equal  intervals  of  6.5  mm. 
The  diameter  of  the  disc  is  31  cm.  The  wide  radiating  lines  are  desig- 
nated by  numbers  1,  2,  3,  4,  5,  6,  corresponding  on  the  right  semi- 
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circle  to  the  figures  ou  a  clock  face  and  on  the  left  semicircle  to  these 
lines  extended.  In  a  chart  as  published  the  vertical  line  above  is 
marked  12,  but  this  number  has  been  replaced  by  6  to  secure  uniformity 
and  avoid  confusion. 

Chart  2  consists  of  a  disc  pivoted  at  its  centre  to  a  square  of  white 
cardboard.  Two  wide  lines  (width  3.75  mm.)  intersect  at  the  center 
of  the  disc  to  form  a  right  angle.  Two  sets  of  fine  lines  of  varying 
lengths  are  drawn  parallel  to  one  of  the  wide  lines  and  similar  sets 


\'erhoeir 's  Astiiiinatic  (•|lalt^■.     Cliart    1. 


are  drawn  parallel  to  the  other  wide  line  in  such  ;i  nianiicr  as 
to  form  a  series  of  S(]uares  separated  from  one  anotlicr  by  a  uniform 
interval  of  6.5  mm.  Short  marks  on  the  white  cardboard  indicate  axes 
from  0  to  180  degrees  at  the  usual  15  degree  intcivais. 

In  examining  a  patient  without  cycloplegia  the  lines  ai-c  i)iurn'd 
with  a  suitable  sphere,  either  +  or  — ,  in  accordance  witii  the  splierical 
error  in  the  case.  The  patient's  attention  is  then  diniled  to  Cliiii-t  1 
and  he  is  asked  to  select  the  ])lackest  or  most  sharply  (Idiiied  of  the 
wide  lines.  The  selection  of  this  line  is  rendered  easier  hy  the  fact 
that   the    line    lines   crossing   it    ai'e    precisely    the   ones   that    are    most. 
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blurred.  Conversely,  the  wide  line  <it.  ri^dit  angles  is  seen  to.be 
espeeially  blurred  in  eontrasi  [o  the  sharply  ontlined  fine  lines 
crossing  it. 

The  patient  is  then  directed  1o  view  Chnvt  2,  which  has  been  rotated 
to  bring  one  of  the  wide  lines  in  Ihe  axis  as  determined  by  Chart  1. 
This  line  will  then  stand  out  distinctly  against  the  blur  of  the  fine  lines 
crossing  it  and,  conversely,  the  other  wide  line  will  appear  faint  in 
contrast  with  the  sharply  outlined  fine  lines  at  right  angles.     Con- 


Verhoeff 's  Astigmatic  Charts,     (,'hart  2. 

cave  cylinders  of  varying  strengths  with  axes  at  right  angles  to  the 
sharp  wide  line  are  brought  successively  before  the  sphere  until  the 
patient  is  convinced  that  the  two  wide  lines  have  been  equalized.  He 
is  now  asked  to  confine  his  attention  to  the  quadrants  of  fine  lines  and 
requested  to  state  whether  they,  too,  present  a  perfectly  uniform  ap- 
pearance. As  a  rule,  one  pair  of  sections  will  be  selected  sharper  than 
the  other,  despite  the  fact  that  the  wide  lines  appear  absolutely  uni- 
form. The  addition  of  a  -|-  or  —  .12  cyl.  will  almost  invariably  be 
all  that  is  required  to  make  the  chart  appear  absolutely  uniform. 
At  this  point  the  patient's  vision  will  be  found  in  the  neighborhood 
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of  6/viii.  The  sphere  is  then  altered  to  bring  the  visual  acuity  up  to 
normal  or  a  little  above.  Finally,  the  patient's  attention  being  con- 
fined to  the  lowest  line  of  letters,  it  will  often  be  found  that  these  can 
be  appreciably  sharpened  by  a  slight  change  in  the  axis  of  the 
cylinder. 

Chart  2  may  also  be  used  for  determining  the  axis  of  astigmatism 
by  rotating  tlie  disc  back  and  forth  until  the  more  distinct  of  the  two 
lines  reaches  a  position  at  which  it  appears  most  distinct  to  the  patient. 
Another  method,  first  suggested  by  Verhoeff,  is  to  rotate  the  chart 
until  the  two  wide  lines  appear  equally  distinct.  The  axis  will  then 
lie  half  way  between  the  two  lines. 

In  using  Chart  2  Green  has  sometimes  found  it  a  little  difficult 
(especially  with  children  and  unintelligent  adults)  to  get  patients  to 
understand  precisely  what  they  are  intended  to  look  for.  In  such  cases 
he  compares  the  chart  to  a  pie  divided  into  foui*  slices,  aiul  asks  whether 
the  right  and  left  slices  are  the  blackest  or  tlie  uppci-  and  lower  ones. 
As  a  further  aid  toward  designating  the  lines  or  quadrants  when  the 
axis  is  away  from  the  vertical  Verhoeff  has  placed  the  letters  A  and  B 
on  the  cardboard  of  the  chart  to  the  right  and  left.  lie  has  also  found 
it  of  advantage  to  mount  Chart  1  on  a  larger  card  than  that  fui-nislied 
by  the  publisher  in  order  to  designate  the  lines  by  larger  numerals. 

Some  patients  find  it  very  difficult  to  concentrate  their  attention  on 
the  quadrants  of  fine  lines,  being  unable,  apparently,  to  disregard  the 
vivid  impression  of  the  wide  linens.  P^r  sucli  individuals  a  chart 
similar  to  Chart  2,  l)ut  without  the  wide  lines  (th(>  axes  l)eing  indi- 
cated l)y  inconspicuous  mai'ks  at  the  periijheiy  only',  would  be  of 
value. 

C.  N.  Spratt  has  recorded  the  comparative  i-esults  obtained  with 
the  use  of  the  charts  without  cycloplegia  and  again  after  the  instilla- 
tion of  homatropin  2  per  cent,  every  ten  minutes  for  a  period  of  one 
and  one-half  hours.  His  report,  based  on  the  examination  of  126  eyes, 
mostly  in  the  young  and  middle  aged,  is  as  follows:  in  7.")  per  cent. 
there  was  no  difference  in  the  amount  of  astigmatism  before  and  aftei- 
cycloplegia.  In  20  pei'  cent,  the  astigmatism  aftei'  c.NclopIegia  was 
.25  D.  (or  less)  greater  than  before  cycloplegia.  In  four  cases  there 
was  an  apparent  difference  of  .:','  I),  and  in  one  case  of  ..")  1).  In  the 
myopic  cases  66  per  cent,  gave  tin'  same  nsult  befoiv  and  after  cyclo- 
plegia. Thirty-four  i)er  <'eiit.  were  nndei'coi-i-ected  from  .12  D.  to 
.37  1).  without  eyelo|»legia.  In  the  hyperopic  eases  42  prv  cent,  were 
fully  coi'rected  without  eyclo|)legia  ;  the  remainder-  were  nndercorrected 
from  .12  I),  to  1   I). 

Green  has  had  these  charts  in  daily   use  for  tln'  past   two  years  and 
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has  found  them  eniineiitly  satisfactory,  so  that  lie  has  to  a  large  extent 
discarded  others.  He  is  convinced  they  furnish  the  best  subjective 
method  of  cU'lerinining  astigmatism  as  to  axis  and  amount  and  are 
deserving  of  a  wider  use  than  lias  hitherto  been  accorded  them. 

The  ai)paratus  designed  by  Ransom  for  the  one  line  astigmatic  test 
is  very  ingenious.  It  consists  of  a  ease  9  inches  square  by  3  inches 
deep,  actuated  by  a  motor  clock,  in  combination  with  a  dry  battery 
and  electric  magnet.  It  is  all  contained  inside  the  case,  complete  in 
itself,  and  needs  no  city  current  to  run  it.  Necessary  apparatus,  wire 
and  i>ush  Indton  ai'e  lurnished  with  the  instrument,  which  has  simply 


Three  Lens  Test  of  H.  P.  Lakin. 


to  be  hung  on  the  wall,  connecting  wire  extended,  the  push  button 
placed  by  side  of  the  operator,  and  it  is  ready  for  use.  On  the  face  of 
the  instrument  is  a  paper  dial,  with  a  single  rubber  band  stretched 
across  its  center.  This  dial  is  'Jttached  to  the  spindle  of  the  motor, 
and  will  revolve  as  the  operator  presses  the  button,  or  may  be  moved 
through  an  arc  of  as  little  as  two  degrees,  or  as  many  revolutions  as 
the  case  may  demand,  in  order  to  locate  the  defective  meridian. 

After  making  sure  of  the  amount  of  astigmatism  present  and  its 
axis  we  may  make  doubly  sure  of  our  result  by  several  methods. 

H.  P.  Lakin  has  designed  a  three-lens  instrument  (see  cut),  made  in 
both  spheres  and  cylinders,  consisting  of  a  piano  in  the  centre  and  a 
plus  lens  on  one  side  and  a  minus  one  on  the  other.  These  sets  are 
made  in  strengths  of  0.12  D.,  0.25  D.,  and  0.50  D.,  and  are  used  as  a 
final  confirmatory  test.  The  patient  is  allowed  to  wear  the  combination 
obtained  by  any  means,  and  asked  to  read  the  lowest  line  possible  on 
the  test-card.     Then  taking  the  spherical  set,  pass  in  succession  before 
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the  correction  iii  the  test-frame  the  plus,  piano  and  minus  lenses, 
having  the  patient  read  with  each,  giving  an  indication,  according  to 
which  of  the  three  gives  best  vision,  to  increase,  let  alone  or  decrease 
the  spherical  portion  of  the  combination.  Make  the  alteration  indi- 
cated, and  so  continue  until  the  piano  gives  best  vision,  showing  an 
indication  to  leave  the  spherical  portion  unchanged.  Then  taking  the 
cylindrical  set,  hold  it  so  that  the  axis  of  the  first  lens  is  coincident 
with  that  of  the  cylinder  in  the  test-frame  and  pass  the  three  test- 
lenses  before  it  in  a  similar  iiumner.  ]\lake  the  alteration  indicated 
and  so  continue  until  the  jihino  gives  best  vision,  indicating  no 
I'urther  change  of  tlie  cylindrical  portion.  The  examiner  may  next 
further  confirm  his  findings  by  use  of  the  crossed  cylinder. 

The  crossed  cylinder  (see  illustration)  was  first  described  by  Edward 
Jackson,  but  despite  its  great  utility  it  has  not  come  into  as  general 
use  as  it  should.  T.  B.  Schneideman  has  lately  written  very  clearly  on 
the  use  of  this  instrument,  and  in  his  article  states  that  the  crossed 
cylinder,  as  its  name  implies,  is  a  pair  of  cylinders  of  equal  strength, 
one  convex,  the  other  concave,  placed  at  right  angles  to  each  other. 
Such  a  pair  of  crossed  cylinders  is,  of  course,  equivalent  to  a  sphero- 
cylinder.  Two  such  combinations  of  different  strengths  made  upon 
the  following  formula-  are  desirable :  —0.25  sp.C+O-^O  cyl.,  and  —0.50 
sp.C+1-  cyl.  These  are  equivalent  to  a  pair  of  0.25  and  0.50  cyls., 
respectively,  one  plus,  the  other  minus,  placed  at  right  angles  to  each 
other.  The  direction  of  one  axis  (the  other  being,  of  course,  at  right 
angles),  and  the  strength  of  tlie  cylinder  is  to  be  marked  upon  the 
glass. 

The  crossed  cylinder  is  inlciidrd  to  detcrinine  the  cylinder  required 
in  cases  of  astigmatism.  It  is  to  be  used  as  follows:  A  correction, 
more  or  less  approximately  tlir  lighl  one,  is  placed  in  the  trial  frame. 
The  approximation  may  be  arrived  at  by  llu-  shadow  test,  ophthalmom- 
eter, trial  lenses,  stenopaic  slit,  astigmatic  chart,  etc. 

Before  proceeding  to  examination  with  the  crossed  cylinder,  the 
approximate  correction  before  the  eye  in  the  trial  fi-;inie  is  to  be 
tested  witli  i)lus  and  minus  si)liei'es  to  make  sure  th;it  no  impi-ove- 
ment  can  be  made  by  changing  the  sphere. 

The  crossed  cylinder  is  then  held  before  the  eye  under  examiiuition 
with  one  of  its  axes  parallel  to  the  axis  of  the  cylinder  in  the  trial 
frame,  and  then  turned  so  as  to  cause  the  oHief  (()i)j)osite)  axis  to 
occupy  the  same  direction.  The  pei-son  undrr  e\;imin;i1inn  is  asked 
to  state  which  of  the  two  directions  gives  the  better  vision,  i.e.,  with 
the  i)lus  or  niimis  iixis  parallel  to  the  axis  of  the  trial  cylinder.  The 
hitter  is  then   to  be  eh;inged    in   nccoi-d;inee   with   the   person's  state- 
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ment.  If  he  states  that  the  vision  is  better  when  the  phis  axis  of  the 
crossed  cylinder  coincides  with  the  plus  axis  of  the  trial  cylinder,  the 
latter  is  to  ])e  replaced  by  a  stronger  cylinder;  if  the  minus  axis  so 
coinciding  is  preferred,  the  trial  cylinder  is  to  be  weakened. 

If  the  trial  cylinder  is  concave,  the  crossed  cylinder  gives  similar 
indications,  i.e.,  to  strengthen  or  weaken  the  cylinder  according  as 
the  correspondence  of  the  minus  or  plus  axis  of  the  crossed  cylinder 
gives  the  better  vision. 

After  every  change  made  in  the  strength  of  the  trial  cylinder  as 
suggested  by  the  crossed  cylinder,  the  sphere  of  the  trial  combination 
must  be  re-tested  with  plus  and  minus  spheres  to  determine  whether 
it  is  to  be  increased  or  diminished. 


Jackson   Crossed  Cylinder. 

The  axis  of  the  trial  cylinder  is  also  to  be  re-tested  after  any  change 
made  in  the  sphere  or  cylinder.  The  exauiiimtion  with  the  crossed 
cylinder  is  to  be  repeated  in  the  way  just  described  after  any  change 
made  in  the  sphere  or  cylinder  until  the  crossed  cylinder  leaves  the 
sight  unchanged  in  either  position,  or  when  this  is  not  attainable, 
until  the  change  suggested  by  it  in  one  direction  is,  after  such  change 
has  been  made,  to  be  again  reversed,  i.e.,  the  cylinder  is  now  in  equilib- 
rium. The  crossed  cylinder  now  indicates  that  the  true  cylinder  re- 
cpiired  is  midway  in  strength  between  two  successive  ones  of  the  trial 
case. 

Where  the  best  approximate  correction  is  a  sphere  only  and  no 
cylinder  seems  required,  the  crossed  cylinder  is  also  of  use.  Held  in 
different  positions  it  may  suggest  that  one  meridian  is  somewhat  dif- 
ferent ;  a  weak  cylinder,  say  a  -]-  0.25  or  —  0.25,  is  placed  in  the 
position  indicated,  the  crossed  cylinder  will  show  whether  it  is  to  be 
retained,  increased  or  rejected.  Both  plus  and  minus  cylinders  may 
be  tried  successively  in  axes  indicated  by  the  crossed  cylinder. 

If  th(^  approximation  is  a  cylinder  only  and  no  sphere  seems  re- 
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quired,  this  cylinder  is  to  be  tested  with  the  cross  cylinder  as  before ; 
plus  and  minus  spheres  are  to  be  tried  after  any  change  in  the  strength 
of  the  cylinder  just  as  if  a  sphere  formed  part  of  the  correction.  A 
sphere  may  be  accepted  when  the  correct  cylinder  has  been  found. 

Of  the  two  crossed  cylinders  the  stronger  is  useful  where  the  astig- 
matism is  considerable,  the  changes  it  indicates  being  greater.  Even 
in  cases  where  the  difference  between  the  meridians  is  considerable  the 
weaker  crossed  cylinder  may  be  employed  in  tlio  final  determination. 


full  s 


Tho   Rli()a<ls    Ddiihlc  Cross-CyliJider. 


It  is  to  be  borne  in  iniiid  tlial  the  p.Tsoii  uiid.T  ('xaiiiinatioii  is  not 
asked  whether  the  crossed  cyliiidcr  iiiii)rovcs  the  vision— it  may  even 
make  it  worse— but  which  of  tlie  positions  is  tli<-  better,  or  less  lia<l. 

An  illustrative  case  may  serve  as  an  example. 

Suppose  the  true  refraction  of  an  eye  to  be  expn-ssed  by  the  rorniula 
+  1.75  sp.  C  +1-  f'.vl.  ax.  00  \  and  that  a  -\-  2.25  sp.  ^  +-''>0  f'.vl-  ax. 
°90  has  been  ])hicr(|  l.cfotv  the  eye  as  an  approximate  correction; 
all  hough  neither  tiiis  sphere  nor  cylinder  is  the  true  one,  one  meridian 
is   corrected   by  them,   lujnu'ly,   that   of   ISO"    (being    4-2.75),   and    no 
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sphere  is  capable  of  improvini>-  this  combination,  but  both  plus  and 
minus  spheres  will  make  the  sight  worse. 

The  crossed  cylinder  in  its  two  positions  will  give  the  following 
results  respectively:  (a)  With  the  plus  axis  of  the  crossed  cylinder 
parallel  to  the  axis  of  the  trial  cylinder  (  +  .50)  we  have  +  2 
sp.  C  +1  cyl.  ax.  90°,  and  (b)  with  the  plus  axis  of  the  crossed 
cylinder  at  right  angles  to  the  axis  of  the  trial  cylinder  we  get  +2.50 
sp.  The  first  being  nearer  the  true  correction,  will  be  preferred  as 
giving  the  better  vision.  Making  the  change  indicated,  the  trial 
cylinder  (+0.50)  is  strengthened  somewhat  being  replaced  by  a 
+0.75  cyl.,  the  combination  now  being  +2.25  sp.  C  +0.75  cyl.  ax.  90°. 
Plus  and  minus  spheres  held  before  this  will  indicate  that  the  sphere  is 
to  be  reduced;  replacing  the  2.25  sp.  by  a  2  sp.,  and  re-examining 
with  the  crossed  c.ylinder  the  two  following  combinations  result:  (a) 
With  the  plus  axis  of  the  crossed  cylinder  parallel  to  the  axis  of  the 
trial  cylinder  we  get  +1.75  ~  +1.25  cyl.  ax.  90°,  and  (b)  with  the 
crossed  cylinder  in  the  opposite  positj-^n,  +2.25  ~:  +0.25  cyl.  ax.  90°. 
The  first  is  evidently  the  better.  Making  the  change  indicated  we  have 
+2.  sp.  C  +1-  cyl.  ax.  90°.  Trial  by  spheres  now  indicates  that  the 
spherical  portion  of  the  combination  is  to  be  reduced  to  +1.75.  The 
crossed  cylinder  would  now^  show  no  preference,  held  in  either  posi- 
tion, nor  can  the  combination  be  improved  by  plus  or  minus  spheres. 

As  mentioned  before,  the  axis  of  the  cylinder  is  to  be  re-tested  after 
any  change  in  the  sphere  or  cylinder.  For  the  sake  of  simplicity,  we 
have  assumed  that  the  trial  cylinder  has  been  correctly  placed  in  the 
example. 

The  RJioads  double  crossed  cylinder  is  an  improvement  on  the  ordi- 
nary crossed  cylinder,  in  that  when  using  it  one  is  not  required  to 
twist  the  instrument  before  the  patient's  eye,  thereby  not  giving  him 
an  instant  of  clear  vision  without  either  cylinder.  The  illustration 
shows  clearly  how  this  is  accomplished  by  having  two  lenses  mounted 
in  one  frame. 

OPHTHALMOSCOPY. 

In  taking  up  the  subject  of  examination  of  the  eye  by  aid  of  the 
ophthalmoscope  it  is  well  to  first  speak  of  the  ophthalmoscope  itself 
and  describe  its  various  forms. 

The  first  ophthalmoscope  was  invented  by  Helmholtz  in  the  year 
1851  and  was  a  very  crude  atfair  when  compared  with  our  complex, 
highly  accurate  ophthalmoscopes  of  today. 

Helmholtz 's  apparatus  consisted  of  three  plates  of  clear  glass  placed 
one  behind  the   other  and  held  before  the  eye  under  investigation. 
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(See  figure.)  The  glass  plate,  PP,  was  so  placed  that  the  rays  of 
light  from  L,  are  partly  reflected  from  the  surface  of  the  glass  into 
the  pupil  of  the  examined  eye  A.  The  rays  were  then  reflected  from 
the  fundus,  a,  back  through  the  pupil  to  the  glass.  Here  some  of 
the  rays  were  again  reflected  back  to  L,  but  some  of  them  penetrated 
the  glass  and  entered  the  eye  of  the  observer  B,  where  they  were 
focused  on  the  fundus  b.  Later  Helmholtz  improved  the  reflecting 
power  of  his  instrument  by  lining  the  posterior  surface  of  the  glass 
with  mirror  coating  leaving  a  round  hole  in  the  plate  or  at  least 
through  the  coating,  allowing  the  examiner  to  see  through  it. 

An  improvement  was  made  in  the  form  of  mirror  by  Ruete.  He 
rendered  the  light  more  intense  by  using  a  concave  mirror,  thereby 
causing  a  convergence  of  the  rays  and  allowing  a  greater  quantity  of 
light  to  pass  through  the  pupil  into  the  observed  eye. 


P 

Principle  of  Helmholtz 's  OplitlialniDseope. 

Probably  one  of  the  most  generally  used  ophthalmoscopes  today  is 
that  designed  by  Morton.  It  is  shown  in  illustration.  The  Loring 
model,  which  is  also  shown,  is  a  popular  and  accurate  inst lumciil. 

George  S.  Crampton  (Trans.  CoU.  Phys.,  Phila.,  A\)y.  17,  ]!)!;{ )  has 
demonstrated  a  simple  modification  of  the  Loring  ophthalmoscope 
which  has  proved  a  great  convenience  in  routine  ophthalmoscopic 
examinations,  especially  in  hospital  clinics.  After  the  iinthor  had 
used  it  for  a  couple  of  years  he  discovered  that  William  Zcntmaycr 
had  devised  the  same  thing  and  had  used  it  in  his  rontinc  work  for  a 
longer  period. 

A  strong  plus  lens  of,  say,  J(J  diopters,  replaces  tlK-  luiinis  out",  .-ind 
the  other  minus  lenses  are  all  moved  around  one  position.  \\u-  highest 
or  minus  eight  being  eliminated.  This  eliange  can  only  be  made  in 
ophthalmoscopes  in  which  the  lenses  are  held  between  two  dises  which 
are  fastened  to  one  another  bv  screws.     'I'he  niimliered  disc  is  turned 
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over  and  its  plain  side  is  engraved  to  correspond  to  the  change.  As 
all  of  the  figures  can  be  stamped  with  one  blow  of  a  die  it  would,  no 
doul)t,  be  more  advantageous  to  purchase  the  new  model  than  to  bother 
having  an  old  one  engraved. 


The  I\Iorton  Ophtlialiuoseope. 

In  use  the  examination  is  started  with  the  plus  sixteen  in  place, 
then,  after  examining  the  anterior  media,  the  plus  and  minvis  lenses 
are  brought  into  use  without  removing  the  ophthalmoscope  from  the 
eye.  As  the  high  plus  lens  passes  by,  it  momentarily  blurs  the  fundus 
details  and  one  can  easily  tell  with  which  lens  he  is  working  by  remem- 
bering the  number  of  changes  he  has  made  into  the  plus  or  minus. 
Thus  the  dial  need  not  be  read  except  occasionally.     After  a  week's 
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use  oue  becomes  accustomed  to  the  change  and  would  not  return  to 
the  old  type. 

The  Paxton  ophthalmoscope  is  a  popular  student's  instrument, 
being  quite  simple  and  consisting  of  a  wheel  containing  19  lenses,  with 
four  extra  lenses  in  segment,  in  front  of  instrument.  It  also  has  the 
revolving  mirror  fitting  similar  to  the  Morton's,  with  concave  mirror 
and  revolving  angle  mirror  for  direct  examination. 

The  Lawford  ophthalmoscope  is  similar  in  construction  to  the  Paxton 
on  a  smaller  scale.  The  wheel  contains  11  lenses  and  2  extra  on  seg- 
ment in  front  of  instrument;  the  swinging  mirror  fitting  is  the  same 
as  the  Paxton,  with  large  concave  mirror  and  small  revolving  angle 
mirror  for  direct  examination. 

The  "Juler's"  ophthalmoscope,  consisting  of  a  wheel  containing  24 
lenses  enclosed  in  a  metal  case,  and  propelled  by  a  wheel  conveniently 
placed  over  the  handle.     It  has  the  swinging  mirror  fitting  similar  to 


Loring  Uiilitlialinoscfipo  uitli    I'oMiiig  Htuidlo  as  Suffffcsted   by  Gamble. 


"Morton's"  with  large  concave  mirror  and  small  revolving  angle 
mirror  for  direct  examination. 

"Lindsay  Johnson's"  ophthalniuseoix'  is  siiiiil;ir  in  priiu-iplc  to  the 
"Morton,"  but  has  an  improved  driving  arrangciiu'nt  which  iiUows 
the  lenses  to  be  brought  opposite  the  sight  hole  with  more  rapidity. 
It  has  the  swinging  mirror  fittings  as  in  the  "Morton's,"  and  is  made 
with  either  two  or  three  mirrors. 

A  new  ophthalmoscope  has  been  designed  by  George  R.  Hare,  which 
is  made  either  with  the  ordinary  refiecting  mirror  or  with  an  electric 
lighting  system,  in  which  the  handle  contains  the  liattets .  The  foini 
or  outline  of  this  in.strument  is  such  that  it  "fits  the  face."  In  otlier 
words,  the  narrowest  part  comes  opposite  tlie  broadest  |):ii-t  of  the 
operator's  nose.  All  other  generally  emi)loye(l  insliinncnts  an'  ap- 
proximately circular  in  form  and  the  broadest  part  of  the  inslnunent 
is  always  in  unpleasant  contact  with  the  examiner's  nose. 

A  so-called  "bimanual   ophtiialmoseoiie"  lia.s  recently   been  dcvis.-d 
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by  Tanner.  At  the  upper  end  is  a  hook  which  is  placed  over  the 
phahmx  of  the  ring  finger  or  little  finger  of  one  hand,  which  is  rested 
against  tlu'  brow  of  the  patient.  At  the  lower  end  of  the  handle  is  an- 
other hook,  in  which  is  placed  the  middle  finger  of  the  other  hand.  By 
drawing  the  two  hands  apart,  the  instrument  is  made  to  remain  very 
steady.  The  Ihuml)  of  the  upper  hand  operates  the  main  disc  of  lenses 
which  run  from  — 8  to  +7  D.  The  second  disc  contains  0.5  and  16  D. 
each  concave  and  convex,  turned  to  the  proper  lenses  before  placing  to 


Eayner  Batten  's  Hydrophthalmoscope. 

the  patient's  eye.  The  instrument  can  be  placed  in  position  before  the 
patient's  face  and  the  surgeon's  eye  subsequently  brought  to  the 
sight  hole.  Tanner  claims  that  his  instrument  is  much  easier  to  use 
than  the  ordinary  type  and  that  the  unskilled  investigator  can,  with 
very  little  practice,  see  the  fundus. 

The  hydrophthahnoscope,  an  instrument  for  the  examination  of  the 
fundus  of  the  eye  under  water  is  of  greater  anticiuity  than  the 
ophthalmoscope.  Mery  and  La  Hire  in  1709  observed  that  the  fundus 
of  an  eye  could  be  seen  in  animals  under  water.     Czermak  in  1851 
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invented  an  instrument  which  he  called  an  "Orthoscope,"  because 
under  water  he  could  see  straight  into  the  eye. 

Professors  Arlt  and  Coecius  modified  and  made  more  convenient 
forms  of  instruments  to  obtain  the  same  end,  but  although  they  all 
explain  the  advantages  of  this  method  of  examination,  it  has  never 
established  itself  as  a  recognized  method  and  the  instruments  must 
have  gone  to  the  ''scientific  rubbish  heap." 

However,  Rayner  D.  Batten  in  the  Ophthalmoscope,  February, 
1910,  Page  92,  has  described  an  instrument  (see  illustration)  for  this 
purpose  w'hich  is  quite  simple  and  practical.  It  consists  of  a  metal 
eye-cup  with  a  plane  glass  fitted  into  it,  and  two  short  metal  tubes 
soldered  on  to  its  upper  and  lower  surfaces,  to  which  rubber  tubes 
for  the  supply  of  water  and  the  exit  of  air  can  be  attached. 

The  supply  tube  is  connected  by  a  rubber  tube  about  three  feet 
long  to  a  reservoir,  which  can  be  raised  or  lowered.  The  exit  tube 
has  a  short  piece  of  rubber  tube  fixed  to  it  which  can  ])e  firmly  closed 
by  a  clip. 

In  order  to  apply  the  instrument  to  the  eye,  the  reservoir  should 
be  half  filled  with  hot  water  with  a  few  drops  of  glycerine  added. 

The  glycerine  can  be  mixed  with  the  water  and  the  temperature 
lowered  by  allowing  the  water  to  fill  the  cup  and  to  run  back  into 
the  reservoir. 

This  solution,  if  really  warm,  is  hardly  felt  by  the  eye ;  but  the  eye 
is  particularly  sensitive  to  cold,  so  that  unless  the  solution  is  really 
warm,  a  sharp  contraction  of  the  lids  occurs  when  the  water  touches 
the  cornea.  The  reservoir  should  be  given  to  the  patient  to  hold 
in  the  hand  opposite  to  the  eye  under  observation  and  tlie  cup  applied 

to  the  eye. 

The  upper  edge  of  the  cup  should  1»<-  applied  so  ;is  to  engage  and  to 
raise  the  upper  lid.  Fit  the  cup  well  into  the  nasal  margin  of  the 
orbit  and  gently  pull  down  the  lower  lid,  so  as  to  expose  the  whole 
of  the  cornea.  Steady  the  cup  gently  with  one  hand  so  as  to  press  it 
slightly  into  the  orbit  and  open  tlir  dil)  with  th<-  other  hand.  Then 
direct  the  patient  to  raise  the  reservoir  above  the  level  of  the  cup; 
when  the  water  rises  to  the  upper  level  of  the  exit  tube,  (-lose  the  clip 
and  direct  the  patient  to  lower  the  reservoir  about  nine  or  ten  inches 
below  the  level  of  the  eye.  This  gives  sufficient  suction  to  keep  the 
instrument  in  place. 

When  the  cup  is  properly  applied,  the  eye  remains  open,  as  the 
cup  acts  as  a  lid  retractor  so  that  the  fundus  of  the  eye  can  be  fully 
examined  under  its  new  conditions  without  the  aid  of  an  ophthal- 
moscope. 
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Electric  ophthalmoscopes  are  iu  very  general  use  now.  They  are 
made  to  operate  either  from  a  battery  carried  in  the  pocket  or  handle 
of  the  instrument,  or  they  are  connected  through  a  rheostat  to  the 
regular  street  current. 

Marple  has  modified  the  electric  apparatus  first  described  by  Den- 
net  so  that  it  may  be  used  in  connection  with  any  model  of  ophthal- 
moscope. 

As  now  made,  it  consists  of  a  tubular  hollow  handle,  having  mounted 
at  its  upper  end  a  small  mirror,  which  makes  an  angle  of  45  degrees 


Haile's  Electric  Lamp  Attachment  lor  a  Morton  Ophthalmoscope. 


The  "Standard"  Electric  Ophthalmoscope. 

with  both  the  long  axis  of  the  handle  and  the  line  of  vision.  At  the 
upper  end  of  this  tube,  close  to  the  mirror,  a  small  convex  condensing 
lens  is  mounted. 

Inside  of  the  handle,  mounted  on  a  rod  that  can  be  moved  up  and 
down,  is  a  small  lamp.  The  purpose  of  this  adjustment  is  to  permit 
proper  focusing  of  the  illumination.  When  the  lamp  is  moved  to  a 
point  corresponding  to  the  focal  point  of  the  condensing  lens,  the 
emergent  rays  are  parallel.  From  a  point  beyond  or  nearer  the  focal 
point,  the  rays  are  divergent  or  convergent,  respectively.  The  ad- 
justment can  be  made  easily  while  the  instrument  is  in  use. 
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This  adjustable  illuniinatiou  makes  it  possible  to  use  the  instru- 
ment in  the  indirect  as  well  as  the  direct  method,  and  for  detecting 
minute  opacities  in  the  media  it  is  superior  to  the  ordinary  reflecting 
ophthalmoscope,  as  it  is  possilile  to  get  just  the  kind  of  light  needed. 
The  corrugated  band  around  the  handle  controls  the  light. 


Set  of  Electrically  Litrhted  lOyo  Kxaniiniujj  Tiistniiiieiits.  incliidinjr  De  Zeng's 
OphtlialnioscoiH'  Hml  Retinoscope  and  Wiirdeinaiin  "s  Trajisilluin'matdr. 

The  U-shaped  mirror  secures  the  greatest  possible  reflecting  sur- 
face, and  has  an  aperture  with  no  upper  edge  to  reflect  light  into 
the  examiner's  eye.  It  illuminates  the  lower  part  of  the  fundus 
perfectly. 

In  using  the  instrument  in  the  direct  method,  the  himp  is  first  moveil 
up  as  far  as  i)0ssil)h'  by  means  of  the  eorrugated  bjiiid.  For  use  in 
tile    indirect    iiM'tliod.    hold    a1    tli.'    usual    w ofUiui,^  distance   and    move 
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the  light  up  or  down  until  the  retieetion  on  the  patient's  head  is  a 
long,  narrow  bar  of  light ;  interpose  the  lens,  and  a  good  inverted 
image  of  the  fundus  is  obtained. 

Another  portable  attachment  for  the  ordinary  ophthalmoscope,  to 
furnish  electric  light,  has  been  described  by  Hailes  (see  illustration). 
A  tube  containing  a  small  electric  light  is  attached  by  a  double- 
jointed  bracket,  which  allows  it  to  be  turned  so  that  it  can  be  used 


GuUstrand's  Oplithalnioseope.     (Fig.  1.) 
Diagram  of  pupil  sliowiug  a  slit-like  portion  through  which  the  eye  is  illunii- 
ted    and  central  circle  through  which  emergent  rays  give  a  monocular  view  of 


nated,  ant 
the  fundus 


GuUstrand's   Ophthalmoscope.      (Fig.  2.) 
Diagram  showing  slit  below  through  which  the  eye  is  illuminated,   and  circles 
on  right  and  left  of  pupil  through  which  emergent  rays  give  binocular  view  of 
the  fundus. 


for  oblique  illumination  of  the  eye,  or  folded  down  to  economize 
space  in  carrying  the  instrument. 

The  "Standard"  electric  ophthalmoscope  is  shown  with  battery 
enclosed  in  the  handle.  This  is  a  very  satisfactory  ophthalmoscope 
and  on  account  of  its  long  handle  is  easy  to  hold  in  position. 

The  most  aggi'avating  obstacle  encountered  by  the  surgeon  in  the 
use  of  the  ophthalmoscope  is  the  corneal  reflex.  Many  different 
plans  and  apparatuses  have  been  brought  forward  for  the  elimination 
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GullKtrand's  Oplitlialiiioscopc.     (Fig.  3.) 

A,  filament  of  Nertist  lamp;  B,  condensirifr  lens  forming  image  of  filament  on 
slit  C;  D,  diaphragm;  and  E,  convex  lens  with  focns  at  C  completes  illuminating 
apparatus;  F,  glass-plate  reflecting  light  into  jiatient's  eye;  G,  object  lens  receiv- 
ing light  from  patient's  eye  through  glass-plate  forms  inverted  image  which  is 
magnified  l>y  eyepier-e  IT. 
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of  this  troublesome  feature.  The  experienced  ophthalmoscopist 
learns,  after  long  use,  that  l)y  shifting  the  position  of  his  mirror  he 
can  throw  the  reflex  to  one  side,  or  diminish  it  so  that  he  can  see  past 
it.  Thorner  nsed  one-half  the  pupil  to  throw  the  light  into  the  eye, 
and  the  other  half  to  transmit  the  light  from  the  fundus  of  the  observed 
eye  to  the  eye  of  the  observer. 

Gullstraud  has  constructed  a  reflexless  electric  ophthalmoscope, 
which  illuminates  the  eye-ground  with  a  pencil  of  rays  that  enters 
only  through  a  peripheral  part  of  the  pupil,  thus  leaving  the  centre 
of  the  cornea  free.  In  this  instrument  the  illumination  of  the  patient's 
eye  is  by  a  Nernst  lamp  through  a  slit-like  space  1.5  mm.  wide,  at  the 
periphery  of  the  pupil;  and  the  light  emerging  from  the  observed 
fundus  is  received  through  an  opening  2.4  mm.  in  diameter  opposite 
the  centre  of  the  pupil.  The  relative  positions  of  the  spaces  for  en- 
trance and  emergence  of  light  in  an  8  mm.  pupil  are  shown  in  fig.  1. 
This  is  what  Gullstraud  calls  his  centered  method  of  reflexless  ophthal- 
,  nioscopy.  It  has  the  advantage  of  utilizing  for  the  emergent  rays 
the  most  perfect  part  of  the  ocular  dioptric  surfaces. 

When  the  attempt  is  made  to  utilize  the  periphery  of  the  dilated 
pupil  for  this  purpose  the  irregular  astigmia  present  necessarily 
causes  the  image  to  be  less  perfect.  When,  however,  he  makes  his 
instrument  a  binocular  ophthalmoscope  Gullstraud  is  compelled  to 
use  ocentric  or  eccentric  spaces,  as  shown  in  fig.  2,  in  order  to  get  the 
maximum  of  stereoscopic  effect.  The  general  plan  of  Gullstraud 's 
instrument  is  shown  in  fig.  3,  which  shows  it  arranged  for  monocular 
use.  For  a  binocular  ophthalmoscope  he  places  behind  the  lens  G, 
a  diaphragm  with  two  openings  with  centres  16  mm.  apart,  and  back 
of  these  the  prism  ocular  of  the  Czapski  loupe.  He  reflects  the  light 
into  the  eye,  not  with  silvered  glass,  but  with  a  plate  of  glass,  the 
sides  of  which  are  inclined  at  an  angle  of  one-quarter  degree  to 
superimpose  the  doubled  reflections  from  the  two  surfaces  of  the  plate. 

The  De  Zeiig  electric  amplifying  ophthalmoscope  consists  of  an 
ophthalmoscopic  mirror,  a  telescope,  a  miniature  electric  lamp  and 
condenser,  so  connected  and  mounted  as  to  form  a  small,  hand,  self- 
luminous  amplifying  ophthalmoscope. 

The  position  of  the  mirror  with  respect  to  the  light  source  directs 
the  illuminating  rays  into  the  eye  under  observation  in  a  line  parallel 
with  the  optical  axis  of  the  telescope.  The  light  emanating  from  the 
observed  eye,  in  passing  through  the  telescope  to  the  observer's  eye, 
causes  the  objects  in  view  to  be  magnified  in  accordance  with  the 
amplifying  power  of  the  telescope,  times  the  usual  magnification  as 
seen  with  the  ordinary  ophthalmoscope  while  employing  the   direct 
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method  of  exaniinatioii.  If  the  fundus  of  the  normal  eye  is  viewed 
under  a  magnification  of  1-4  diameters  when  the  direct  method  is  em- 
ployed with  the  ordinary  ophthalmoscope,  the  same  fundus  would  be 
seen  under  an  amplification  of  42  diameters  if  observed  through  a  3- 
diameter  amplifying  telescope. 

The  telescope  has  an  amplifying  power  of  3  diameters,  and  is  pro- 
vided with  a  graduated  focusing  adjustment  for  estimating  the 
ametropia.  The  telescope,  therefore,  obviates  the  necessity  of  neutra- 
lizing lenses  in  the  ordinary  ophthalmoscope,  since,  by  the  relative 
adjustment  of  the  objective  and  eye-piece,  all  of  the  spherical  equiva- 
lents in  both  plus  and  minus  can  be  quickly  and  accurately  obtained. 
There  are  three  styles  of  mirrors  employed.  The  circular  mirror  with 
central  aperture  is  best  adapted  to  all  working  distances  beyond  two 
inches,  the  half  mirror  to  very  close  range,  and  the  small  mirror  to 
close  range  with  large  pupil. 

The  electric  lamp  attachment  is  reversible  and  can  be  turned  over 
so  as  to  always  stand  at  the  temporal  side  when  in  use. 

The  mirror-holder  is  slightly  adjustable  and  should  he  so  set  as  to 
direct  the  light  exactly  parallel  with  the  axis  of  the  telescope ;  other- 
wise the  illuminated  area  will  be  to  one  side  of  the  field  of  view  and 
nothing  will  be  seen. 

The  condenser  between  the  light  source  and  the  mirror  is  made 
adjustable  to  permit  of  more  or  less  concentration  of  light  as  desired. 

The  ophthalmoscope  should  be  steadied  when  used  at  close  range  by 
means  of  the  adjustable  support  secured  at  the  handle.  Entirely 
satisfactory  results  can  only  be  obtained  when  the  observed  eye  has 
a  well-dilated  pupil. 

Examination  of  the  eye  hij  aid  of  the  ophthalmoscope  may  he 
divided  into  four  divisions. 

1.  Ophthalmoscopic  examination  for  determining  the  refraction  of 
the  eye. 

2.  Ophthalmoscopic  examination  with  the  instrument  at  a  distance 
for  exploring  the  media  of  the  eyeball. 

3.  Indirect  ophthalmoscopy,  for  a  general  examination  of  the 
fundus  with  low  power  magnification. 

4.  Direct  ophthalmoscopy,  for  examining  minutely  the  fundus  with 
a  greater  magnification. 

It  is  not  the  purpose  to  enter  minutely  into  the  use  of  the  ophthal- 
moscope at  tliis  point.  The  reader  is  referred  to  the  article  in  this 
Encyclopedia,  under  the  heading  Ophthalmoscopy  for  a  complete 
exposition  on  the  subject. 

The  examination   is  always  to  be  made  in   a   darkened  room.     If 
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absolutely  dark,  with  black  walls,  it  is  much  better.  The  light,  if  an 
ordinary  ophthalmoscope  is  used,  should  be  steady,  clear,  and  bright. 
Most  of  the  lamps  described  for  examining  the  eye  under  oblique 
illumination,  may  be  also  used  with  the  ophthalmoscope. 

The  mercury  lamp,  in  which  a  brilliant  light  almost  devoid  of  red 
rays  is  generated,  has  been  used  by  some  as  a  source  of  illumination 


De  Zen<i's  KUM-tiic  .\iii|ilifyiiiy;  ()i)litlialiiH>sci>|n'. 

for  examining  tlic  fundus.  .Mayou  lias  rcportrd  that  wlicii  using  this 
light  the  general  color  of  tin-  fundus  is  given  :  the  disk  having  a  white 
centre  with  green  edges.  The  retinal  vessels  appear  purple  and  the 
choroidal  vessels  a  deeper  purple.  A  retinal  reflex,  most  marked 
along  the  vessels  and  rather  indelinite  at  the  macula  is  seen  over  the 
whole  fundus.  A  better  perspective  of  the  eye-ground  is  gained,  the 
ditferent  depths  of  the  retina,  choroid  and  sclera  being  more  evident. 
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]\Iayou  suggests  that  this  light  may  prove  of  much  use  in  the  differen- 
tial diagnosis  of  retinal  and  choroidal  disease. 

The  varying  intensity  of  illumination  used  in  ophthalmoscopy  to 
bring  out  differences  of  appearances  in  the  fundus,  particularly  faint 
opacities  in  the  different  media,  is  an  important  aid  in  many  cases. 
The  light  source  should  have  a  candle  power  capable  of  from  3  to  20. 
A  general  survey  with  an  extremely  moderate  illumination  first  and 
then  of  gradually  increasing  intensity  allows  one  to  clearly  dif- 
ferentiate between  the  views  obtained  under  both  conditions. 

The  position  of  the  light  is  several  inches  to  one  side  and  back  of 
the  patient,  and  on  a  level  with  the  patient's  ear,  so  as  to  illuminate 
the  outer  half  of  the  eyelashes  of  the  eye  to  be  examined  as  well  as 
the  tip  of  the  patient's  nose. 

The  patient  should  be  seated  in  a  light  chair  that  can  be  easily 
moved  about.  He  is  instructed  to  keep  both  eyes  open  and  stare  into 
vacancy,  in  the  direction  indicated  by  the  surgeon.  In  the  examination 
of  the  optic  disc  of  the  left  eye,  the  patient  should  be  told  to  look 
slightly  to  the  right,  and  for  the  right  eye  to  look  to  the  left. 

If  one  has  not  mastered  the  use  of  the  ophthalmoscope  it  is  well  to 
have  the  pupils  of  the  patient  dilated  with  a  solution  of  cocain  or 
homatropin.  All  well-qualified  oculists  shoidd,  however,  be  able  to 
thoroughly  examine  the  fundus  of  an  eye  through  an  undilated  pupil. 

The  ophthalmic  examination  for  the  determination  of  the  refrac- 
tion of  an  eye,  can  never  be  a  very  accurate  procedure  and  results 
obtained  in  this  manner  should  never  be  entirely  relied  on. 

If  the  patient  be  hyperopic  and  the  eye  entirely  at  rest,  the  rays 
from  his  retina  will  diverge  on  leaving  the  cornea,  and  to  render  them 
parallel  will  require  such  a  convex  lens  as  would  cause  parallel  rays 
to  be  focussed  on  his  retina. 

If  the  patient  be  myopic,  the  rays  from  his  retina  emerge  con- 
vergent, and  are  focussed  in  front  of  the  surgeon's  retina.  By  plac- 
ing before  the  eye  a  concave  lens  of  just  the  proper  strength  to  correct 
the  myopia,  these  rays  are  rendered  parallel,  and  the  surgeon  is  able 
to  focus  them  on  his  retina. 

The  measurement  of  refraction  can  be  made  with  the  ophthalmo- 
scope, with  approximate  accuracy,  only  after  long  practice. 

In  making  the  examination  with  the  ophthalmoscope  at  a  distance, 
the  instrument  is  held  about  12  inches  from  the  patient's  eye.  The 
corneal  reflex  is  first  seen,  as  a  small  bright  image  of  the  source  of 
light  and  the  pupil,  previously  black,  becomes  occupied  with  a  red 
glow — the  fundus  reflex — which  varies  in  hue  according  to  the  bright- 
ness of  illumination   and  color  of  the   fundus.     The  examiner  next 
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searches  the  media  of  the  eye  for  any  opacities,  which  appear  as 
black  dots  or  masses.  These  opacities  may  be  defiuitely  located  by 
having  the  patient  move  his  eyeball  about,  and  observing  the  directions 
of  movement  of  the  opacity. 

In  making  the  indirect  ophthalmic  examination  the  examiner  holds 
the  instrument  against  his  own  eyebrow  with  one  hand  and  a  +  20  D. 
lens  with  the  other  hand  in  front  of  the  patient's  eye.  He  then  focuses 
the  reflected  light  from  the  concave  mirror  of  the  ophthalmoscope  at 
a  distance  of  about  18  inches,  through  the  20  D.  lens,  upon  the  fundus 
through  the  dilated  pupil.  The  examiner  will  accomplish  this  more 
readily  if  a  +  4  D.  lens  be  placed  in  front  of  the  eyehole  of  the  mirror. 


The    Indirect    .MetlKul    of    T'siii.;-    the    Oiilitbalmoscope. 

He  now  sees  an  inverted  image  of  tlie  oeuhir  fundus  and  an  outline 
picture.  Having  taken  this  "bird's  eye  view"  of  the  background, 
the  surgeon  lays  aside  the  20  D.  lens  and  approaches  the  mirror  as 
close  as  possible  to  the  pupil  of  the  patient  and  nuikes  the  direct 
ophthalmoscopic  examination.  The  view  })y  the  direct  method  is 
much  enlarged  and  the  fundus  is  in  llic  erect  position. 

The  nerve  head  is  first  examined  and  tlien  by  having  the  patient 
look  in  all  directions  a  complete  ins|)ecti(.ii  of  all  i)ai-ts  of  tli.'  fundus 

is  made. 

Gifeord  (Ophthalmoscope,  V.  11.  p.  l!'-  '.  a. 1.1s  his  testimony  to  that 
of  Haab  regarding  indirect  illHminalion  of  the  fundus  in  direct 
ophthalmoscopy.     The  essene..  of  the  m.-thod    (first  used  by  Nagel) 

is   to   throw   the    edge    of    llie    illniniiiate.l    are; Ilic    point   to    be 

examined,  instead  of  throwing  the  centre  of  the  illumination  upon  it  — 
in  other  words,  "directing  attention  not  to  the  <-en1re  of  the  illumi- 
nated area,  but  to  its  periphery."     lie  Huis  l.mught   out  distinctly 
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spots  iu  the  retina,  especially  ' '  drusen, ' '  not  readily  discernible  in  any 
other  way. 

Burdon-Cooper  {Ophthalmoscope,  V.  11,  p.  729),  holds  that  this 
method  is  valuable  by  enabling  the  observer  to  vary  the  intensity  of 
the  illumination,  which  ranges  from  the  brightest  to  the  faintest 
possible,  as  we  pass  from  the  centre  of  the  illuminated  area.  He  would 
call  it  "eccentric  illumination."  Under  feeble  illumination  the  ap- 
parent brightness  of  the  less  refrangible  color  (red)  diminishes  most 
rapidly;  tending  to  render  more  striking  differences  not  perceptible 
by  "centric  illumination."  He  also  calls  attention  to  the  more 
acute  perception  of  light  and  colors  by  the  para-fovea  than  by  the 
fovea.  On  account  of  this,  looking  a  little  aside  from  the  point  to 
be  observed  will  bring  out  differences  in  color  or  brilliancy,  not  per- 
ceptible when  the  point  is  directly  looked  at.  He  advises  "eccentric 
vision"  with  "eccentric  illumination." 

Alexander  has  demonstrated  that  by  the  use  of  a  concave  lens 
held  close  to  the  patient's  eye,  one  can  increase  the  visible  area  of 
the  fundus.  Both  the  illumination  and  magnification  is  diminished ; 
therefore  a  very  strong  light  must  be  thrown  into  a  well-dilated  pupil. 
The  image  thus  obtained  may  require  a  convex  lens  before  the 
examiner's  eye  to  render  it  clear. 

There  is  very  little  advantage  gained  over  the  image  seen  by  the 
ordinary  indirect  method,  except  that  the  magnification  intermediate 
between  that  of  the  ordinary  erect  image  and  the  ordinary  inverted 
image  is  more  readily  obtained ;  and,  to  one  accustomed  to  use  the 
erect  image,  there  is  no  reversal  of  the  relations  to  cause  confusion. 

In  the  ordinary  direct  ophthalmoscopic  examination  it  is  only  pos- 
sible to  view  the  choroid  and  retina  covering  the  posterior  half  of 
the  eyeball.  Any  point  a  little  in  front  of  the  equator  is  usually 
inaccessible  to  inspection.  Trantas  has  found,  however,  that  on  press- 
ing in  the  sclera  over  them,  the  ciliary  and  retro-ciliary  regions  of  the 
fundus  can  be  brought  into  view  in  the  pupil.  To  examine  the  tem- 
poral portion  of  the  right  eye  the  lamp  is  placed  on  the  right,  the 
eye  turned  strongly  in  that  direction,  and  pressure  made  on  the 
temporal  portion  of  the  ciliary  region  with  the  tip  of  the  finger. 
To  examine  the  nasal  portion  of  the  right  eye  the  light  would  be  placed 
on  the  left,  the  eye  turned  somewhat  toward  the  nose,  and  pressure 
made  on  the  nasal  side  of  the  eyeball.  It  is  needless  to  say  that 
the  pupil  must  be  fully  dilated,  and  in  some  cases  it  is  better  to 
cocainize  the  eye  and  make  pressure  directly  on  the  sclera.  However, 
good  results  can  usually  be  obtained  by  pressure  being  made  through 
the  lid.     The  direct  method  of  ophthalmoscopy  is  to  be  always  em- 
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ployed,  using  a  +  4  to  +  8  D.  lens  at  the  sight  hole.  In  high  hyperopia 
the  lens  will  be  slightly  stronger  and  in  high  myopia  weaker.  But 
the  refraction  of  this  part  of  the  eye  varies  comparatively  little. 

Trantas  has  pointed  out,  after  a  study  of  one  hundred  and  seventy- 
five  cases,  that  the  normal  appearances  seen  at  this  region  vary  greatly 
in  different  eyes.  The  pigmentation  is  dark,  but  variable.  The  out- 
lines of  the  processes  and  posterior  boundary  of  this  region,  are  not 
constant  in  form.  ]\Iany  such  examinations  must  be  made  before  one 
can  recognize  with  certainty  the  slighter  variations  from  the  normal. 

The  principal  lesions  are  seen  as  trophic  spots,  pigmented  areas, 
mixed  pigmentation  and  atrophy,  and  hemorrhages.  These  lesions  are 
almost  constantly  found  in  persons  suffering  from  alcoholism.  Among 
syphilitics,  atrophy  and  pigment  disturbances  are  common.  The  same 
is  true  of  patients  suffering  from  tabes,  or  hereditary  syphilis.  Con- 
genital malformations  and  traumatism  affect  this  region,  as  well  as 
atrophies  due  to  myopia.  Hemorrhage  into  the  vitreous  may  be  traced 
to  its  source  from  the  vessels  of  this  tract.  In  some  cases  of  partial 
opacity  of  the  lens,  pigmentated  spots  and  atrophies  have  been  demon- 
strated in  this  part  of  the  globe,  although  not  found  in  the  posterior 
portion  of  the  choroid. 

Perimetry.  Alfred  von  Graefe  suggested  a  method  for  the  more 
exact  determination  of  the  position  of  appearances  seen  with  the 
ophthalmoscope,  and  other  ophthalmologists  have  employed  the  perim- 
eter for  this  purpose.  What  might  be  called  an  objective  perimeter 
has  been  worked  out  by  Reitsch  {Klin.  m.  f.  Augenh.,  January,  1913, 
p.  51). 

To  avoid  an  important  objection  to  the  use  of  the  ordinary  perim- 
eter, the  revolving  semi-circular  arm  is  made  very  narrow,  with 
projecting  teeth.  Fixation  in  the  axis  of  the  instrument  is  secured 
by  looking  through  a  ring  at  a  white  disk ;  and  this  fixation  apparatus 
is  mounted  on  a  rod  that  slides  in  the  axis  of  the  instrument,  and  can 
be  pushed  close  to  the  patient's  eye  to  provide  exact  direction  in  high 
myopia.  The  fixation  of  the  eye  and  head  is  provided  for  by  two 
supporting  or  fixing  plates,  one  of  which  is  adjusted  to  the  lower 
margin  of  each  orbit. 

With  the  eye  thus  fixed  the  ol)server  examines  it  by  tlie  ordinary 
method  of  indirect  ophthalmoscopy.  When  a  point  is  found  which 
it  is  desired  to  localize,  the  perimeter  arm  is  turned  until  tiiis  point 
is  seen  between  two  of  its  teeth.  Noting  \vlii<-li  tlics.-  tcctli  are.  the 
numl)er  of  degrees  from  the  axis  is  known;  and  the  dirrctioii  (tf  the 
semi-circle  can  be  read  off  from  the  small  graduated  cird.'  around 
the  axis  of  the  instrument.     In  the  cut,  representing  the  instrument, 
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the  axis  rod  carrying  the  fixation  point  is  represented  on  the  right, 
and  the  fixing  plates  against  which  the  margins  of  the  orbits  are 
pressed  on  the  left.  To  the  left  of  these  fixing  plates  is  attached  a 
small  semi-circle.  This  is  for  the  purpose  of  marking  upon  the  sclera 
the  position  of  the  point  localized,  as  in  the  case  of  a  nonmagnetic 
foreign  body,  seen  with  the  ophthalmoscope,  and  which  it  is  pro- 
posed to  extract. 

The  fact  that  different  parts  of  the  fundus  image  can  be  brought 
to  the  same  apparent  position  by  shifting  the  object  lens,  is  known  to 
all  who  use  the  indirect  method  of  ophthalmoscopy.  To  avoid  the 
error  that  this  would  cause  in  localizing  a  point  of  the  fundus  image 
Reitsch  uses  an  object  lens  on  which  the  optical  centre  is  marked 
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Objective  Perimeter  of  Reitsch  for  Ophthalmoscopic  Localization. 


by  cross  lines.  The  point  to  be  localized  can  be  brought  to  this  centre 
which  gives  its  true  direction. 

If  the  visual  axis  of  one  eye  is  directed  to  a  stationary  point,  not 
only  is  the  object  "fixed,"  visible,  but  also  all  objects  contained 
within  a  given  space,  the  size  of  which,  is  in  proportion  to  the  dis- 
tance of  the  fixation  point  of  the  eye.  This  space  is  called  the  field 
of  vision,  and  the  objects  within  it  imprint  their  images  upon  the 
peripheral  portions  of  the  retina.  The  function  of  sight  capable  of 
being  performed  by  that  part  of  the  retina  surrounding  the  macula 
is  called  indirect  vision  in  contradistinction  to  visual  acuity  and 
refraction,  which  pertain  to  the  macula  in  the  act  of  direct  vision. 

The  simplest  method  of  roughly  ascertaining  the  visual  field  is  the 
following:  Place  the  patient  with  his  back  to  the  source  of  light, 
and  have  him  fix  the  eye  under  examination  (the  other  being  covered) 
upon  the  centre  of  the  eye  of  the  observer,  which  is  directly  opposite 
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his  own,  at  a  distance  of  two  feet.  Then  let  the  surgeon  move  his 
fingers  in  various  direi-tions  midway  l)etween  himself  and  the  patient, 
on  a  plane  with  his  own  face,  until  the  limits  of  indirect  vision  are 
determined,  controlling,  at  the  same  time,  the  extent  and  direction 
of  the  movements  by  his  own  field  of  vision.  This  method  suffices 
to  discover  any  considerable  limitation,  and,  in  the  event  of  such  dis- 
covery, should  be  supplemented  by  a  more  exact  procedure. 

Instruments  for  measuring  the  distance  of  the  examining  hand,  or 
test  object  held  in  the  hand,  from  the  visual  axis  have  been  invented. 
One  of  these  is  the  compimeter  of  Auharet  {Ophtlialmic  Year  Book, 
Vol.  IV,  1907).  It  is  modeled  much  on  the  order  of  a  self-coiling  tape 
measure,  with  an  index  on  the  back  indicating  the  number  of  degrees 
the  test  object  is  drawn  from  the  visual  axis.  On  the  face  is  an 
ebonite  disk  marked  with  the  different  meridians  and  circles  for  tak- 
ing the  centre  of  the  field.  The  instrument's  chief  advantages  are  its 
convenience,  simplicity  and  portability,  its  weakest  point  is  the  diffi- 
culty of  getting  a  proper  uniform  background  for  the  test  object. 

The  hlackhoard  method  of  measuring  the  field  is  quite  accurate  up 
to  45  degrees,  beyond  which  this  method  ceases  to  be  dependable, 
because  on  a  flat  surface  the  object  is  too  far  away  from  the  eye ;  rays 
perpendicular  to  the  visual  line  coming  from  a  peripheral  object 
would  be  parallel  to  the  blackboard,  and  could  not  arise  from  it,  nor 
from  any  object  passed  across  its  surface. 

In  carrying  out  the  blackboard  method  the  patient  is  placed  25  cm. 
from  a  blackboard,  which  may  be  conveniently  ruled  in  squares,  and 
fixes  the  eye  under  observation  upon  a  small  white  mark.  The 
observer  then  moves  the  test  object— a  piece  of  white  paper  1  cm. 
square,  affixed  to  a  black  handle— from  the  periphery  toward  fixation, 
until  the  object  is  seen.  If  eight  periphery  points  are  marked  and 
aftervyard  joined  by  a  line,  a  fail-  map  of  the  field  of  vision  will  be 
obtained  which  may  be  transcribed  on  a  chart.  See  also  Vol.  IT,  p. 
1005,  of  this  Encyelopedia. 

The  ])est  and  most  accurate  mctliod  of  investigation  of  the  periphery 
of  the  retina  is  by  means  of  the  perimeter.  This  instrument  is  either 
a  hollow  hemisphere  or  a  metallic  band  representing  one  meridian  of 
such  a  hemisphere.  Tlie  latter  is  a  graduated  arc  turning  on  a  central 
pivot  and  bearing  a  movable  disc.  A  recording  apparatus  registers 
the  point  at  which  tlie  test  object  is  seen  in  different  meridians. 

Many  different  models  of  perimeters  have  been  described,  one  of 
the  popular  ones  being  McHardy's.     (See  cut.) 

This  instrument  is  made  according  to  the  principh'S  of  .Mel lardy 
and  is  a  very  practical  and  durable  self-registering  perimeter.    It  has 
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a  revolving  quadrant  with  a  radius  of  one-third  metre.  The  chin- 
rest  is  adjustable,  and  the  quadrant  has  telescopic  adjustment.  The 
test  object  is  moved  by  a  carrier,  worked  by  cords  and  a  milled  head. 
A  steel  point  follows  each  movement  of  the  test  object,  and  the  various 
positions  are  recorded  by  pressing  the  chart  secured  in  the  holder 
against  this  point.  The  objects  consist  of  colors  on  a  circular  wheel, 
in  front  of  which  are  various  diaphragms ;  thus  any  color  may  be  used 


McHardy  Self-Eegistering  Perimeter. 

with  a  number  of  sizes  of  the  object.     There  is  also  a  candle  holder 
and  candles  for  the  light  test. 

Black  {Ophth.  Rec,  V.  22,  p.  136),  has  attached  an  electric  lamp  for 
fixation  and  an  electric  light  test  object  to  the  McHardy  perimeter. 
With  this  instrument  the  field  can  be  taken  and  recorded  in  a  dark 
room;  assuring  uniformity  of  conditions,  and  preventing  the  patient's 
being  attracted  to  other  objects.  The  test  may  vary  from  a  point  to 
10  or  20  mm.  in  diameter.     The  transilluminated  colors  are   pure 
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spectral  colors,  something  hard  to  obtain  when  pigment-colored  papers 
are  used. 

George  R.  Hare  has  described  a  perimeter  (see  cut)  which  is  auto- 
matic. All  motions  of  the  object  carrier  are  transmitted  to  the  record- 
ing and  marking  device  with  absolute  accuracy,  and  the  examiner  is 
relieved  of  any  observations,  except  that  of  determining  the  limit 
of  the  field. 

The  instrument  consists  of  a  semi-circular  arc  revolvably  mounted 
on  a  stand,  of  which  the  chin-rest  and  guide  for  eye  are  integral  parts. 


Brudenell  Carter's  Perimeter. 
A  simple  apparatus,  wliicli,  however,  is  quite  accurate  when  ciircfiilly  used. 

Revolving  within  the  main  shaft,  on  which  the  arc  is  supported,  is 
another  shaft  extending  through  to  the  arc,  by  means  of  which  the 
object  carrier  is  operated  through  rotation  of  the  hand  wheel. 
Attached  to  this  shaft  is  a  circular  plate  (not  shown  in  cut),  having 
upon  its  face  a  spiral  track.  Operating  in  this  track  is  the  recording 
pin,  the  movement  of  which  is  limited  l)y  means  of  a  slot  in  a  covering 
disk  to  a  motion  to  ai:d  from  the  centre  along  one  radius.  The 
operation  of  the  object  carrier  is,  therefore,  as  follows: 

When  the  hand  wheel  is  rotated,  the  object  carrier  is  made  to  move 
along  the  arc  to  and  from  the  centre,  imparting  to  the  recording 


4770 


EXAMINATION  OF  THE  EYE 


pin,  through  tlic  rotation  of  the  disk  with  spiral  track  attached  to  the 
sliaft,  a  motion  similar,  but  reduced  in  range  to  lie  within  the  limit 
of  the  perimeter  chart.  When  the  are  is  moved  into  a  different  me- 
ridian tlie  entire  recording  mechanism  moves  with  it.  When  a  record 
is  desired  it  is  merely  necessary  to  press  the  chart,  which  is  carried 
on  a  flat  plate  hinged  to  the  stand,  against  the  steel  recording  pin; 
a  puncture  on  the  chart,  corresponding  to  the  position  of  the  color 
carrier,  is  thereby  made. 


Automatic  Perimeter  Designed  by  George  E.  Hare. 

The  large  disc  or  shield  shown  in  the  cut  serves  both  as  an  axis 
indicator  and  to  screen  movements  of  operator's  hands.  This  disc  is 
readily  removable,  making  the  instrument  available  for  the  measure- 
ment of  the  degree  of  strabismus  l\y  the  angular  method.  The  position 
of  the  movable  object  in  degrees  from  the  centre  is  shown  on  the  scale 
alongside  the  slot  in  which  the  marker  moves. 

Another  most  important  feature  is  that  the  colors  exposed  in  thi^ 
carrier  are  changed  by  means  of  a  flexible  shaft,  extending  backward 
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and  manipulated  by  the  operator  back  of  the  sliield  or  disc.  It  is 
possible,  therefore,  for  the  examiner  to  make  a  change  in  the  color  of 
the  object  exposed  without  giving  any  clue  to  the  patient;  by  means 
of  a  revolving  diaphragm  the  colors  may  be  shown  in  four  different 
sizes — circles  of  1,  3,  5  and  10  mm.  diameter. 


Skeel  Electric  Self-RcgistiMiiiir  I'oiiiiicti'i 


The  old  method  of  changing  buttons  or  )-o1;itiiig  llic  cdlor  cirrin-  I»y 
introducing  the  hand  into  the  field  was  an  interruption  to  tin'  cxjiiiiina- 
tion  and  distracted  the  patient's  attention,  so  that  each  tiiiif  ;i  iicw 
start  had  to  be  made.  AVitli  the  present  method  of  changing  the 
colors,  the  entire  examination  can  be  gone  througli  much  more  quickly, 
because  there  need  be  no  interruption,  nor  is  it  necessary  for  the 
operator  to  introduce  his  hand  into  tin'  lidd. 
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The  ehin-rest  is  adjustable  for  right  or  left  and  for  height.  The 
operating  shaft  is  pierced  through  its  centre,  permitting  the  operator 
to  keep  the  patient's  eye  under  constant  observation. 

The  charts  are  "double,"  i.  e.,  both  right  and  left  eye  records 
printed  on  one  chart ;  the  normal  field  being  outlined.  The  charts 
are  held  firmly  in  place  by  a  frame  clamp  with  marks  to  indicate  when 
they  are  in  proper  position  to  receive  the  automatic  record. 

The  Skccl  perimeter  (see  cut)  has  also  been  equipped  with  a  device 
for  illuminating  the  colors,  as  well  as  the  central  white  spot,  by  means 


Schweigger  's  Hand  Perimeter. 

of  small  electric  lamps  adjusted  behind  the  rotating  color  disk  and 
central  point,  the  electric  current  being  carried  to  the  lamps  by  a 
small  trolley  which  has  been  adjusted  to  the  back  of  the  perimeter 
arc.  The  current  is  carried  to  this  trolley  through  the  black  dial  by 
the  pressure  of  two  contact  points  against  two  metal  rings  as  indicated 
in  the  cut. 

The  instrument  may  also  be  used  as  a  deviometer  by  removing  the 
caps  from  the  illuminated  targets.  These  afford  two  spots  of  light 
with  which  the  angle  may  be  determined  in  the  regular  way. 

Perimeters  which  can  be  easily  carried  to  the  bed-side  of  the  patient, 
or  to  different  wards  of  a  hospital,  have   been   devised.     The  one 
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described  by  Schweigger  (see  cut)  is  quite  simple  and  is  used  much 
in  the  same  manner  as  an  ordinary  perimeter,  except  that  it  is  held  in 
the  observer's  hand  while  in  use. 

An  even  smaller  and  simpler  instrument  is  that  of  Dana.  (See  cut.) 
A  glance  at  the  illustration  will  show  its  simplicity  as  well  as  demon- 
strate its  method  of  use. 

A  perimeter,  particularly  designed  for  hospital  use,  where  it  is 
often  desired  to  examine  the  fields  of  bed-ridden  patients,  is  described 
in  Vol.  II,  page  921,  of  this  Encijclopcdia. 

A  perimeter  built  on  the  plan  of  an  umbrella  is  described  by  Reber 
and  McCool  {Ophthalmoscope,  IX,  page  500).  It  gives  the  advantage 
of  an  almost  hemispheric  surface.  The  boundaries  of  the  field  may 
be  marked  out  by  pins,  with  white,  red,  green  or  blue  heads.    It  may 


Dana  "Pocket"  Perimeter. 

be  folded  like  an  ordinary  umbrella,  making  it  very  portable;  and  it 
is  found  more  convenient  at  tbe  bed-side  than  Schweigger 's  hand 
perimeter. 

The  relation  between  peripheral  visual  acuity  and  color-sense  has 
been  investigated  by  Ronne  {Klin.  M.  f.  Augenh.,  February,  1!)11,  p. 
154),  with  reference  to  their  prognostic  significance  in  optic  atrophy. 
A  complete  study  of  the  visual  field  includes  mapping  the  is()i)ters, 
or  lines  of  equal  visual  acuity.  Where  these  lie  close  together  a  rai)id 
fall  of  function  is  indicated.  A  change  in  them  at  such  a  point  indi- 
cates positively  a  change  in  the  condition  of  the  eye.  But  if  the 
isopters  are  widely  separated,  less  reliance  can  be  placed  on  their 
slighter  apparent  changes.  Apparent  asymmetry  in  licinianopic  fields 
may  indicate  hemiamblyopia,  with  unappreciated  dilVcrences  in  si/e 
of  object,  illumination,  or  the  attention  of  the  patient.  In  eight  cases 
of  stationary  optic  atroi)iiy,  Rcinne  found  agreement  between  peripheral 
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vision  and  color  fields.  Of  sixteen  cases  of  progressive  atrophy  some 
showed  proportion,  and  others  disproportion.  The  latter  was  taken 
to  indicate  more  fibers  recently  attacked  and  therefore  a  worse  prog- 
nosis, more  rapid  progress.  In  fourteen  cases  of  simple  or  chronic 
glaucoma,  he  always  found  peripheral  visual  acuity  proportional  to 
color-sense. 

The  method  of  using  a  perimeter  as  here  described  applies  par- 
ticularly to  the  McHardy  instrument,  but  as  all  perimeters  are  so 
nearly  alike  in  principle  it  can  be  almost  equally  as  well  used  for  any 
model:  One  eye  of  the  patient  is  bandaged.  The  other  is  to  be 
directed  constantly  at  a  small,  white  disc  placed  at  the  centre  of  the 
pivot.  The  test  object  (a  white  disc)  is  then  to  be  carried  to  the 
end  of  the  arc  and  is  made  to  approach  the  centre  slowly.  As  soon 
as  the  patient  sees  it,  he  announces  the  fact  and  the  surgeon  registers 
the  point.  The  surgeon  then  continues  to  cause  the  test  object  to 
slowly  approach  the  centre  asking  the  patient  to  tell  him  if  he  sees 
it  clearly  until  it  reaches  the  fixation  point.  This  part  of  the  examina- 
tion is  very  important  and  is  for  the  purpose  of  discovering  the  pres- 
ence or  absence  of  scotomata.  The  same  procedure  is  followed  in  the 
upper,  lower,  inner,  outer,  and  oblique  meridians.  To  make  the  ex- 
amination exact,  at  least  three  meridians  should  be  tested  in  each 
quadrant.  The  points  registered  are  joined  by  a  continuous  line,  and 
thus  a  map  of  the  visual  field  for  white  is  obtained.  The  field  for 
colors  is  tested  in  the  same  manner,  a  colored  test  object  being  sub- 
stituted for  the  white  one.  The  apertures  of  the  McHardy  perimeter 
permit  the  use  of  a  test  object  of  different  sizes,  1,  2,  5,  10,  15,  and  20 
millimetres  square.  See  also  Calor  interchang-er  in  Vol.  IV,  page 
2399,  of  this  Encyclopedia. 

Walker  {Jour.  Amer.  Med.  Assn.,  V.  61,  p.  227)  states  that  the 
mechanical  perimeters  lack  accuracy  when  the  defect  approaches 
closely  the  centre  of  the  field,  and  are  time-consuming  especially  for 
taking  the  color  fields.  He  proposes  for  use  with  the  simple  perimeter, 
or  against  a  plain  background,  disks  mounted  one  on  each  end  of  a 
slender  black  handle.  These  disks,  he  thinks,  should  be  circular,  and 
graded  according  to  area.  In  his  series  they  run  from  16  sq.  cm.  to 
1/64  sq.  cm.  in  area.  He  also  offers  what  he  calls  a  color  interchanger, 
with  a  series  of  openings  giving  different  colors,  either  of  which  can 
be  used  as  the  test  object.  To  cover  the  eye  not  being  tested  he  has  a 
special  blinder,  which  may  be  used  plain,  or  may  have  an  opening,  and 
a  tube  through  which  the  untested  eye  may  be  made  to  fix.  This 
blinder  is  supported  by  a  spring  passing  back  over  the  head ;  and  may 
be  accurately  applied  to  either  orbit. 
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An  ingenious  apparatus  lias  been  devised  by  Prof.  V.  Szily  and 
described  by  Herczogh,  which  assists  in  taking  the  field  of  an  eye 
which  is  so  amblyopic  as  to  be  incapable  of  accurate  fixation.  It  con- 
sists of  a  funnel-shaped  tube  of  hard  rubber,  which  can  be  attached 
in  the  proper  position  to  any  perimeter.  Through  this  the  better  eye 
fixes.  This  secures  the  fixation  of  both  eyes,  while  excluding  the  better 
eye  from  all  except  central  vision.  The  field  of  the  amblyopic  eye  is 
then  taken  in  the  regular  manner. 

To  facilitate  the  examination  of  the  field  of  vision,  particularly 
in  reference  to  investigations  to  show  the  existence  of  even  the  smallest 
scotoma,  a  method  has  been  proposed  by  Bjerrum.  The  method  con- 
sists in  making  use  of  white  objects  which  subtend  a  very  small  visual 
angle.  The  examinations  are  made  at  a  distance  of  two  metres,  at 
which  distance  the  blind  spot  instead  of  measuring  2.5  cm.,  as  on  an 
ordinary  perimeter,  measures  20  cm.  in  diameter ;  and  everything  else 
is  in  the  same  proportion.  The  examination  is  begun  in  the  ordinary 
manner  (at  30  cm.),  with  the  10  mm.  disc,  and  then  continued  at  two 
metres'  distance  with  a  3  mm.  disc.  In  the  first  case,  the  visual  angle 
approximately  is  2  degrees,  in  the  second  it  is  5  minutes.  The  normal 
boundaries  in  the  second  examination  are  35  degrees  outward ;  30 
degrees  inward ;  28  degrees  downward ;  25  degrees  upward. 

The  apparatus  of  Sym  and  Sinclair  for  making  the  Bjerrum  test 
gives  us  a  most  satisfactory  method  of  detecting  and  mapping  small  or 
relative  scotoma  in  the  central  portion  of  the  visual  field.  It  con- 
sists of  a  screen  of  dead-black  velvet  fastened  on  a  light  wooden  frame 
seven  feet  square,  the  velvet  turning  over  the  edges  of  the  frame 
so  that  no  tacks  shall  show,  and  the  frame  being  so  braced  that  no 
cross  bars  shall  come  in  contact  with  the  velvet  to  lessen  the  uniformity 
of  its  surface.  The  fixation  point  is  placed  at  the  centre.  The  dif- 
ferent meridians  are  indicated  l)y  velvet  covered  buttons  at  the  edge 
of  the  screen.  The  boundaries  of  the  field  or  scotoma  are  marked  by 
black  headed  pins  stuck  through  tlie  velvet.  Their  distance  from  the 
centre  of  the  field  is  measured  by  a  scale ;  marked  on  one  side  for  a 
distance  of  two  metres  between  the  patient's  eye  and  the  s<'reen,  and 
on  the  other  side  for  a  distance  of  one  metre.  A  lihick  linen  cover 
fastened  to  the  top  of  the  frame  keeps  out  dust  wIkii  the  scic.'ii  is 
not  in  use,  and  when  thrown  back  lulps  to  slinl  niT  ;ill  liglit  trans- 
mitted from  l)ehind  the  screen.  The  test  objects  in;iy  lie  the  ivory  discs 
proposed  l)y  lijerruin.  oi-  pieces  of  pui-e  while  p;iper  supported  l)y  a 
rod  covei-ed  with  hhick  velvet.  The  patient's  eye  shouhi  be  opposite 
the  lixatioii  ])oint  and  steadied  hy  a  (inn  lu'jid-rest.  With  j>ractice  the 
necessary  examination  can  be  made  in   lil'teen   miiiutes  or  less.     The 
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result  of  such  an  examination  should  be  recorded  on  a  chart  printed 
on  a  much  larger  scale  than  the  ordinary  diagrams  for  recording 
the  visual  field. 


Bjerrum  Tangent  Plane  Screen  Designed  by  Alexander  Duane. 


A  somewhat  similar  screen  has  been  employed  by  Alexander  Duane, 
and  is  described  by  him  in  the  Archives  of  Ophthalmology,  Vol.  XLIII, 
No.  6,  1914.     In  this  article  he  states  that  the  tangent  curtain   (see 
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illustration)  consists  essentially  of  a  curtain,  black  on  one  side  and 
white  on  the  other.  The  front  or  black  side  is  made  of  outing  flannel 
and  this  is  stitched  onto  the  rather  stiff,  unbleached  muslin  that  forms 
the  white  backing.  On  the  white  side  is  drawn  a  perimetric  chart 
consisting  of  a  series  of  lines  radiating  from  a  common  centre ;  each 
line  forming  an  angle  of  15  degrees  with  its  neighbor.  The  surface  is 
further  divided  by  light  and  heavy  perpendicular  and  horizontal  lines 
into  a  checkerboard  of  two-inch  and  ten-inch  (or  5  cm.  and  25  cm.) 
squares. 

The  black  surface,  or  front  of  the  curtain,  is  marked  only  by  a 
white  pin  indicating  the  exact  position  of  the  centre  of  the  perimetric 
chart  on  the  white  or  reverse  side,  by  a  vertical  and  horizontal  black 
seam  representing  the  vertical  and  horizontal  meridians  of  the  chart, 
and  by  a  series  of  short,  red  strokes  along  its  edge,  each  indicating  the 
terminus  of  one  of  the  radiating  lines  on  the  reverse  side.  This  useful 
feature  of  the  apparatus  is  borrowed  from  Syms  and  Sinclair. 

The  frame  on  which  the  curtain  is  stretched  runs  up  and  down 
in  an  outside  frame  so  that  the  white  pin,  which  indicates  the  centre 
of  the  perimetric  chart,  can  be  brought  just  opposite  the  eye  of  a 
patient  seated  in  front  of  the  instrument.  The  curtain  frame  is  raised 
and  lowered  by  a  pair  of  cords  which  run  over  little  pulleys  set  in 
the  outside  frame  and  which  are  attached  to  a  horizontal  rod  at  the 
back  of  the  curtain.  The  ends  of  this  rod  engage  in  a  series  of  hooks 
on  either  side  of  the  outside  frame.  By  pulling  on  the  rod  the  curtain 
is  raised,  and  by  engaging  the  rod  in  the  hooks  the  curtain  is  set  at 
any  desired  height. 

The  outside  frame  is  6  feet  6  inches  high,  and  5  feet  wide.  The 
curtain  itself  is  5  feet  high,  and  4  feet  5  inches  wide,  giving,  if  the 
patient  is  seated  at  30  inches,  a  lateral  range  of  41  degrees,  an  upwartl 
range  of  35  degrees,  and  a  downward  range  of  52  degrees.  If  the 
patient  is  seated  at  sixty  inches,  the  lateral  range  of  the  curtain  is 
23  degrees,  the  upward  20  degrees,  and  the  downward  33  degrees. 

The  whole  apparatus  is  strong,  light,  and  portable,  so  as  to  be  readily 
shifted  from  one  part  of  the  room  to  the  other.  It  can  be  used 
advantageously  as  a  screen  to  shut  off  a  corner  of  the  office  or,  when 
not  in  use,  can  be  set  against  the  wall. 

The  material  of  which  the  curtain  is  made  is  such  that,  no  matter 
how  often  it  is  perforated  with  pins,  no  marring  marks  remain. 

The  apparatus  is  used  regularly  at  two  distances.  30  inches  (0.75 
metres)  and  60  inches  (1.50  metres),  and  corresponding  to  tliis  there 
are  two  sets  of  record  cards,  shown  respectively  in  figs.  2  and  3. 
It  is  convenient  to  have  a  tape  measure  a])0ut  five  feet  long,  one  side 
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of  which  is  marked  with  the  tangents  of  arcs  of  5  degrees,  10  degrees, 
etc.,  to  a  radius  of  30  inches  and  the  other  side  with  the  tangents  of 


No.    1   Card    for   Use   with   Duane    Tangent   Curtain. 


5^    ^    ^4    ^^^t       2-^^      ^y    ^^    ^c 

t  ^^1       /\     J^     I         I     S^     /\       s^^^ 

4        ^^^   /    \^^    V    3           t   V    ^vZ    \    ^^t      \ 

t        t    ^t      ^^      ^^^Z-        -^^f       ^v      ^^      5        A 

^      -i        T^^V    ^^^\   I      1   y^v,^   ^^^   X      \ 

^^^^  t     -T     %^  -.^   ^A   -tj    2^  ^S      "^       1   --E" 

t        t^^l     -,^   ^Z    \^Sj      ^2v^    S^   ^-     ^    ^3"      I 

t                t-^2      v^^^<^vv-H^^v-    V-      t-^-X               4 

J-^-A      ^^"^^l^Zzt^      X-'-Z      J 

^        -                        t^-^^^t^tZx^C^-'^'A                       ~      ^ 

30                      20                    10      l-^MI^-^^       i(                     20                       30 

dr^S^Kv   ;t 

C-^''l1    '^/'V  V~\''^    "^"^-^ 

h    ^4''^\    ^^:^77f5^\^^_    7--j'       J 

■t-         ^,.==5^    3      ^^^    gfc    ^    ^5    ^-'^      t'°^2^              J 

5--=^^    5      ^.^'^X-,/^:],.L^^^z--^^      ^2-     I 

'             A          V    ^5       _,g     /    7"t    V    S          t^    J          t          t~ 

V    \     5^    \^^  ^c  L    3  >  \^/_"=^/    ^^    ^ 

X        \   ^^v      t;^      /^--    '^   \      5        y^-.    1        2 

\    ^c      v^^^^    1       c  ^v,^^  v"^  ^l:      ' 

^^^   ^        5?        2-^1          4^-^        5^        Z^^Z 

^^^           \     ^^^v     ^        ^-        -3           V-    ^^"n        ^           ^ 

.-        ^            \^        ^i        -i                     r-        ^^       ■     ^^               Z     ":. 

'^        ^    7^^      /  ^^7        -  t^-^^^      ^^      X        :j 

r              \  /        ^     ^^           P-              -^           ^^     ^        ^     V              -.^ 

^                  <               ^^              ^                     ^              S^              S''^              Z 

S        v^\           7     ■"-     -^                          V-    ^^\           ^^^          / 

\^7        ^        Z           "^>--.              — ^^           ^        ^           ^     V 

X                ^^                t                         I             ^/                's'^ 

^^^        -         7^^___     _     _                  _-^               ^^                  ^^^        - 

No.  2  Card  for  Use  with  Duane  Tangent  Curtain. 

the  same  arcs  to  a  radius  of  60  inches.    This  can  be  used  to  measure  the 
distance,  in  degrees,  of  the  test  object  from  the  central  pin.     It  is 
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particularly  of  service  when  for  any  reason  the  test  object  has  to 
be  carried  beyond  the  limits  of  the  curtain. 

The  curtain  can  also  be  used  at  any  other  distance,  e.  g.,  one  metre, 
provided  he  who  uses  it  has  a  card  or  record  blank  marked  for  this 
distance.  However,  the  distances  given,  viz.  30  inches  and  60  inches, 
have  proved  best  adapted  -for  the  various  uses  to  which  the  curtain  is 
applied. 

The  tangent  plane  is  used  for  the  following  purposes: 

1.  To  delimit  central  and  paracentral  scotoinata  and  enlargements 
of  the  blind  spot. — For  this  purpose  the  60-inch  distance  is  used. 
The  patient  is  seated  at  this  distance  from  the  curtain,  the  bladk  side 
of  which  is  turned  toward  him.  The  curtain  is  raised  or  lowered  until 
the  white  pin  representing  the  centre  of  the  perimetric  diagram  is  just 
opposite  the  eye  to  be  examined.  The  other  eye  is  covered.  Then 
directing  him  to  look  steadily  at  the  central  white  pin,  we  carry  our 
test  object  from  the  periphery  of  the  curtain  to  its  center  along  each 
meridian  in  succession.  The  marginal  strokes  at  the  edge  of  the 
curtain  help  greatly  in  doing  this,  as  they  indicate  where  each  me- 
ridian terminates.  The  points  where  the  test  object  enters  the  scotoma 
and  where  it  emerges  from  it  in  each  meridian  are  indicated  by  thrust- 
ing pins  into  the  curtain.  Different  colored  pins  may  be  used  to  dif- 
ferentiate partial  from  absolute  seotomata,  or  to  differentiate  color 
scotomata  from  scotoinata  for  white.  They  may  also  be  used  to  dif- 
ferentiate two  or  more  records  taken  in  succession,  when  for  any 
reason  it  is  desirable  to  leave  them  on  the  curtain.  It  is  advantageous 
to  have  small  and  dull-colored  pins,  so  that  when  inserted  in  the 
curtain  they  shall  not  be  obvious  to  the  patient  nor  distract  his 
attention. 

Enlargements  of  the  blind  spot  are  plottt'tl  in  an  entirely  similar 
manner.  In  delimiting  these  and  also  scotomata,  it  has  been  found 
convenient  to  use  two  objects  (e.  g.,  two  white-headed  hat-pins)  simul- 
taneously. These  are  carried  from  opposite  sides  of  the  scotonui  toward 
each  other  until  the  patient  says  both  are  extinguisiied.  Then  the  Iwo 
are  gradually  separated  until  the  patient  says  he  is  just  aware  of  both 
at  the  opposite  margins  of  the  scotoma.  The  i>()si1ion  of  each  is  then 
marked  by  a  pin.  The  distance  l)etween  the  pins  will  llim  i-.'pi-esent 
the  diameter  of  the  scotoma  in  the  given  mci-idian,  and  will  siiow  the 
precise  lengtli  of  tlic  diamclri'  even  wlicii  the  cn-c  wavers,  so  thai  we 
cannot  he  eertnin  jusi  where  the  two  extremities  of  this  ili;iiiieter 
really  arc. 

All  sorts  of  test  objects  may  he  used,  iiccor'din^'  to  tl li;iriieter  of 

the  scotoma.     Often  it  is  useful  to  apply  test  olgects  of  dilTercnl  sizes 
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and  determine  the  comparative  magnitude  of  the  scotoma  with  each. 
As  pointed  out  by  the  English  observers,  fine  bits  of  blotting  paper, 
which  will  stick  to  the  fuzzy  surface  of  the  black  cloth  wherever  they 
are  laid  on  it,  form  an  excellent  test.  A  number  of  them  can  be 
rapidly  shifted  till  they  form  a  ring  just  outside  of  the  limits  of  the 
scotoma,  which  is  tlius  accurately  depicted. 

2.  To  deliTuit  tlie  field  of  vision. — The  tangent  plane  cannot  be  used 
to.  delimit  the  visual  field  except  when  the  latter  is  pretty  contracted. 
When  this  is  the  case  and  particularly  when  we  are  dealing  with  a 
somewhat  contracted  color  field  or  with  a  hemianopsia,  it  is  very 
serviceable.  In  this  ease  we  set  the  patient  at  30  inches,  but  other- 
wise proceed  as  already  described. 

3.  To  plot  the  field  of  fixation. — The  tangent  plane  may  sometimes 
be  used  instead  of  the  perimeter  or  tropometer,  for  plotting  the 
monocular  field  of  fixation.  The  patient  is  then  seated  30  inches  from 
the  curtain  with  his  head  immovably  fixed  and  with  one  eye  covered. 
The  other  eye  should  be  precisely  opposite  the  white  pin  and  on  a 
level  with  it.  This  eye  is  then  made  to  follow  the  test  object  (a  pair 
of  fine  parallel  lines  on  a  small  card)  as  far  as  it  can  in  each  meridian. 
The  limit  of  the  excursion  in  each  case,  which  will  be  signalized  by 
the  blurring  and  running  together  of  the  two  lines,  is  marked  by  a 
pin  thrust  into  the  curtain.  Whenever  the  limits  of  the  field  extend 
beyond  the  limits  of  the  curtain,  the  tangent  tape  already  mentioned 
may  be  attached  to  the  center  pin  and  measurement  made  along  it  in 
any  given  meridian  beyond  the  curtain  margin. 

4.  To  plot  diplopia  and  the  field  of  double  vision. — Here  again 
the  patient  is  placed  30  inches  from  the  curtain,  but  now  with  both 
eyes  open.  A  red  glass  is  placed  before  the  right  eye  and  the  head 
is  adjusted  so  that  when  the  eyes  are  directed  at  the  centre  pin,  they 
are  on  a  level  with  it  and  looking  straight  ahead.  A  small  electric 
light  is  then  carried  over  the  curtain  in  the  six  cardinal  directions  of 
the  gaze,  viz.,  right,  left,  up  and  right,  up  and  left,  down  and  right, 
down  and  left;  and  the  point  where  diplopia  occurs  in  each  meridian 
is  noted  by  thrusting  in  a  pin.  The  limits  of  the  field  of  single  vision 
are  thus  delimited.  In  the  region  in  which  diplopia  occurs,  the  situa- 
tion of  the  double  images  is  similarly  indicated.  The  patient  sees  two 
lights,  a  red  and  a  white.  The  red  image  belongs  to  the  right  eye  and 
the  white  image  to  the  left.  A  black  pin  is  thrust  into  the  curtain 
at  the  site  of  the  candle  itself,  and  a  light-colored  pin  at  the  site  of 
the  other  image.  This  latter  is  evidently  the  false  image  and,  if  it  is 
red,  we  know  that  the  left  eye  is  fixing ;  if  it  is  white,  we  know  that  the 
right  eye  is  fixing.    In  the  former  case,  we  mark  the  situation  of  this 
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false  image  with  a  white  pin ;  in  the  latter  case,  with  a  blue  pin.  In 
the  great  majority  of  cases  the  patient  fixes  with  the  eye  not  covered 
with  the  red  glass ;  and,  therefore,  by  shifting  the  red  glass  from  one 
eye  to  the  other,  we  can  often  get  him  to  alternate  fixation.  In  this 
case,  too,  we  put  in  a  black  pin  at  the  site  of  the  light  (indicating  thus 
the  image  of  the  fixing  eye)  and  mark  the  site  of  the  false  image  by 
a  white  pin  when  this  image  corresponds  to  the  right  eye,  and  by  a 
blue  pin  wlien  it  corresponds  to  the  left  eye.  We  then  have  on  the 
curtain  a  black  pin  with  a  white  pin  at  some  distance  from  it  in  one 
direction  and  a  blue  pin  at  a  greater  or  less  distance  from  it  in  the 
other  direction.  In  this  case  the  situation  of  the  pins  indicates  not 
only  the  relation  of  the  double  images  and  their  degree  of  separation, 
but  also  the  change  produced  in  the  amount  of  diplopia  liy  diaiigiiig 
fixation  from  one  eye  to  the  other.  It  sliows,  in  other  words,  the  rela- 
tion between  the  primary  and  secondary  deviation. 

In  plotting  the  field,  or  the  limits  of  the  scotoma,  or  the  situation 
of  the  dou])le  images,  the  diagrams,  which  are  made  by  the  pins  stuck 
into  the  curtain,  are  transferred  to  one  of  the  cards  already  referred 
to;  to  card  No.  1  if  tlie  patient  was  at  30  inches,  and  card  No.  2  if  tlie 
patient  was  at  60  inches.  The  plot  may  l)e  made  from  either  t)ie  front 
or  the  back  of  the  curtain.  In  the  latter  case  we  luive  tlie  diagram 
on  the  back  of  the  curtain  to  aid  us.  It  is  then  easy  to  see  in  whieh 
particular  square  of  the  diagram  a  pin  protrudes  and  mark  its  situa- 
tion on  the  corresponding  square  of  the  eai-d.  Only  we  must  remem- 
ber that  as  we  are  now  looking  at  tlie  baek  of  the  diagi-am.  instead 
of  its  front,  we  must,  when  we  transfer  it  to  the  card,  either  reverse 
it,  putting  on  the  i-iglit  side  of  the  card  tlie  niarks  tliat  appear  i>n  the 
left  side  of  the  curtain,  and  vice  versa;  or  else  we  transfer  the  diagram 
just  as  it  is  and  mark  the  left  side  of  the  card  "right,"  and  the  right 
side  "left." 

In  plotting  from  the  front  of  the  curtain,  we  use  the  vertical  and 
horizontal  seams  intersecting  at  the  central  pin.  Along  these  we 
measure  either  with  the  tangent  tajie  or  with  an  inch  rule,  det«'rmin- 
ing  thus  the  height  in  degrees  or  im-lies.  of  each  pin  along  the  hori- 
zontal seam  and  its  distance,  right  or  left,  from  the  vertical  seam. 
\V.'  then  transfer  our  measurements  to  the  proper  card.  In  doing  this, 
we  obviously  do  not  have  to  reverse  our  i)lot,  the  right  hand  of  the 
card  now  representing  the  right  hand  of  the  curtain.  Hut.  in  any  case, 
we  should  mark  the  card  so  as  to  show  lirarly  whidi  part  of  fli" 
diagram  corresponds  to  the  patient's  right  han.l  and  which  to  his  left. 

However  made,  the  card  diagrams  are  an  exact  representation  of 
the  orio'inal  diagrams  on  the  curtain.     K'ccords  iiiadi'  at  dilTcrciit  times 
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are  readily  comparable  and  indicate  clearly  the  progress  of  the  case. 
The  network  of  squares  and  circles  on  the  cards  gives  us  a  double 
means  of  measuring  and  comparing  our  results :  the  squares  giving  our 
measurements  in  inches  or  centimetres;  the  circles,  the  same  results 
in  degrees  of  arc. 

Other  methods  for  the  discovery  of  scotomata  have  been  described 
in  which  the  result  is  accomplished  by  the  aid  of  the  scotometer. 

The  one  described  by  Priestley  Smith  (Trans.  Ophth.  Soc.  of  Unit. 
King.,  Vol.  XXVI)   was  mainly  designed  for  the  detection  of  sector 
scotoma  in   glaucoma.     A  2   cm.   square  piece   of  blotting-paper,   or 
a  small  cutting  of  gray  wool,  is  placed  upon  a  disc  covered  with  a 
black  cloth,  upon  the  back  of  which  the  degrees  of  the  circle  are 
marked.     The  patient's  distance  from  the  disc  is  fixed  by  a  movable 
handle  and  knob  to  be  held  against  the  cheek  below  his  eye.     The 
test  is  placed  25  degrees  from  the  centre  of  the  disc,  the  eye  being 
fixed  upon  its  centre,  and  the  instrument  is  slowly  rotated.    If  it  does 
not  disappear  or  grow  dim,  the  scotoma  of  glaucoma  is  probably  not 
.present,   because  as  Bjerrum  has  shown,  these  defects  are  usually 
sector-like  and  therefore  would  be  crossed  by  the  test  in  its  rotation. 
Bardsley  {Trans.  Ophth.  Soc.  United  Kingdom,  Vol.  XXVIII),  has 
also  lately  invented  a  new  scotometer.     To  the   patient  it   presents 
a  dull-black,  concave  surface  of  the  segment  of  a  sphere,  with  the  fixa- 
tion disc  at  the  center,  and  the  movable  test  object.     Through  a  small 
opening  in  the  fixation  disc  the  surgeon,  hidden  behind  it,  watches 
the  fixation  of  the  patient's  eye,  moves  the  test  object  by  a  button, 
and  reads  off  the  distance  from  the  fixation  point  on  one  scale,  while 
the  meridian  in  which  the  test  object  is  being  used  is  indicated  by  a 
scale  on  the  circumference.     The  instrument  is  expected  to  show  with 
more  ease  and  accuracy  the  scotomas  of  glaucoma,  retinitis  pigmentosa, 
toxic  amblyopia,  etc. 

Hayeraft's  scotometer  {Lancet,  August,  1911),  requires  mention. 
It  was  devised  for  mapping  out  the  blind  spot.  The  ground  is  a  black 
metal  plate,  on  which  a  nail  carrying  the  test  object  can  be  moved  by  a 
screw,  horizontally  or  vertically.  The  position  of  the  test  object  may 
be  registered  by  pressing  the  nail  on  a  sheet  of  paper  carried  at  the 
back  of  the  instrument.  He  has  demonstrated  that  the  margins  of  the 
blind  spot  are  color-blind,  the  colors  being  recognized  in  the  following 
order:  blue,  3'ellow,  green  and  red. 

To  overcome  the  practical  difficulties  of  mapping  a  central  scotoma, 

or  the  blind  spot,  Fridenberg  suggests  a  l)laek  background  covering 

10   degrees  to   15   degrees,   that   could   be   attached   to   the   ordinary 

-  perimeter.    He  also  proposes  a  stereoscopic  attachment  to  use  binocular 
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fixation;   and   a   small  electric   light   of  variable  color  for  the  test 
object. 

A  scotoiueter  for  measuring  central  scotoma  has  been  devised  by 
Hird  {Ophthalmoscope,  X,  p.  142).  The  ground  is  of  dull  black,  with 
a  circular  opening  of  10  mm.,  which  can  be  narrowed  to  5,  2  or  1  mm., 
by  a  sliding  diaphragm.  By  a  milled  wheel,  either  white,  red,  green  or 
blue  is  brought  to  the  opening.  The  thin  diaphragm,  fitting  closely  to 
the  color  circle,  throws  no  shadow  on  its  margin.  The  instrument 
can  be  carried  in  the  vestpocket. 

Holloway  {Am.  Oph.  Soc,  XII,  p.  966),  suggests  a  jointed  stick  for 
use  in  taking  the  field  by  Bjerram's  method.  The  test  objects,  disks  of 
paper,  are  gummed  to  the  end  of  the  rod.  The  stick  may  also  be  used 
with  a  hand  perimeter ;  or  without  a  perimeter,  for  rough  testing  of 
the  field.  Fleischer  {Klin.  M.  f.  Augenh.,  July,  1912,  p.  62),  calls 
attention  to  the  Bjerrum  method  as  though  it  were  not  generally  known 
and  used  in  Germany.  He  urges  its  value  in  the  early  diagnosis 
of  glaucoma. 

The  size  and  position  of  the  blind  spot  with  reference  to  the  fixation 
point,  have  been  investigated  by  Van  der  Iloeve  {Arch,  of  Ophth., 
XL,  p.  30).  In  100  eyes  of  young  persons  18  to  20  years,  emmetropic 
to  within  1  D.,  he  found  that  the  centre  of  the  blind  spot  was  distant 
from  the  fixation  point  15  degrees,  4  minutes  in  the  right ;  15  degrees, 
24  minutes  in  the  left  eyes,  in  the  horizontal  direction ;  and  1  degree, 
33  minutes  right,  1  degree,  48  minutes  left,  vertically.  Its  horizontal 
diameter  was  5  degrees,  40  minutes  right,  5  degrees,  46  minutes  left. 
Its  vertical  diameter  7  degrees,  21  minutes  right,  7  degrees,  32  minutes 
left.  He  also  noted  the  failure  of  color  perception  when  passing  into 
the  blind  spot,  as  demonstrated  by  Haycraft.  This  ring  of  failing 
color  vision  was,  however,  only  i/s  to  %  of  a  degree  wide. 

For  a  rapid  test  for  central  scotoma  Snydacker  {Arch.  Ophth.,  XL, 
page  149),  has  placed  on  the  ordinary  test  chart  small  squares  of  red 
21/2  mm.  and  5  mm.,  and  green,  3  mm.  and  6  mm.  When  the  patient 
cannot  recognize  the  colors  of  these  at  6  metres,  it  is  pretty  good  evi- 
dence that  the  central  color  perception  is  subnormal;  and  careful 
investigation  by  other  tests  is  called  for. 

To  map  scotomas  Tomlinson  {Trans.  Ophth.  Soc.  United  Kingdom, 
XXX,  page  111),  has  arranged  what  he  calls  a  scotomograph.  It  con- 
sists of  a  tube  or  casing,  to  one  end  of  which  the  eye  is  applied,  while 
the  other  contains  a  small  point  admitting  light.  The  source  of  light 
is  kept  fixed  with  the  other  eye.  Within  the  tube  a  hinged  mirror 
reflects  the  light  into  the  eye,  as  though  it  came  from  a  second  point 
at  the  virtual  image  of  the  hole.    The  relations  of  the  different  points 
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are  shown  in  the  cut.  By  changing  the  inclination  of  the  mirror  the 
image  reflected  by  it  is  moved  to  different  distances  from  the  centre  of 
the  field.  By  revolving  the  tube  around  its  axis  the  mirror  image 
is  made  to  describe  a  circle.  Connected  with  the  mirror  is  a  small 
needle,  which  may  be  made  to  perforate  a  diagram  by  pressing  a  pneu- 
matic ball,  such  as  is  used  to  operate  a  camera  shutter. 

Holth  {Annates  d'Oculistique,  September,  1908),  makes  use  of  an 
ingenious  apparatus  for  the  diagnosis  of  central  color  scotoma  which 
consists  of  an  ebony  plate  sixteen  cm.  long  and  two  cm.  wide,  in  which, 
four  cm.  apart,  are  three  red  objects,  ten  mm.  in  diameter  on  one 
side  of  the  plate  and  5  mm.  in  diameter  on  the  other  side.  The  colored 
objects  ai"e  formed  by  filling  in  depressions  in  the  plate  with  sealing 
wax  and  polishing  it  down  to  a  surface  even  with  that  of  the  plate. 
This  is  easily  kept  bright  by  washing  with  soap  and  water.    In  using 
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Diagram  of  Tomlinson's  scotomograph,  showing  how  the  hinged  mirror  gives 
a  reflected  image  which  serves  as  a  test  object,  the  point  of  light  being  used  as 
the  fixing  point.  The  angle  to  which  the  mirror  is  swung  determines  the  angle 
to  which  the  virtual  image  is  removed  from  the  fixing  point. 

the  instrument  it  is  held  horizontally  thirty  cm.  before  the  eyes  of 
the  patient,  who  sits  with  his  back  to  a  window  and  fixes  the  central 
object.  In  the  early  stages  of  alcohol  or  tobacco  amaurosis  the  object 
on  the  temporal  side  is  more  or  less  decolored.  AVhen  the  scotoma 
is  absolutely  central  the  middle  object  is  decolored.  In  the  para- 
central scotoma  of  the  later  stages  of  tobacco  amaurosis  the  middle 
object  is  affected  as  well  as  the  temporal  one.  In  the  case  of  red- 
green  color-blind  patients,  bluish-grey  was  used  for  the  color  objects. 
As  a  time-saving  method  of  examination,  and  in  order  to  detect 
slight  color  scotomata  which  might  be  present  in  eyes  that  present 
no  fundus  changes  and  have  normal  vision,  Snydacker  (Archives  of 
Ophthal.,  March,  1911)  has  made  use  of  small  colored  squares  which 
he  has  placed  on  his  test  chart.  He  uses  red  squares  2i/^  mm.  and  5 
mm.  in  size  and  green  squares  3  mm.  and  6  mm.  in  size,  the  test  being 
made  at  6  metres.     When  a  patient  cannot  distinguish  the  smaller 
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squares,  the  author  is  suspicious  of  a  color  defect  and  makes  a  careful 
perimetry  examination.  He  cites  several  cases  where  he  has  detected 
slight  central  color  defects  when  he  might  otherwise  have  overlooked 
them,  and  concludes  that  this  test  is  a  valuable  and  time-saving  aid 
in  the  detection  of  central  color  scotomata  for  red  and  green.  See  also 
Cruises  central  color  scotometer,  Vol.  V,  page  3572,  of  this  Ency- 
clopedia.—  (A.  S.  R.) 

Exanastomosis.     (L.)     A  form  of  anastomosis. 

Exangeia.     (L.)   (Obs.)     Dilatation  of  a  blood-vessel. 

Exanopsia.     (L.)     From  disuse — as  in  a  functional  amblyopia  due  to 
causes  preventing  employment  of  the  eyesight. 

Exanthemata,  Ocular  complications  of  the.  The  eye  symptoms  and 
lesions  that  accompany  or  follow  the  eruptive  fevers,  especially  those 
of  the  better  known  contagious  and  infectious  exanthems,  will  be  con- 
sidered each  under  its  own  separate  heading.  Here  it  is  proposed  to 
speak  of  but  one,  albeit  serious,  aspect  of  these  infections,  the  occur- 
rence of  optic  neuritis,  especially  in  measles,  scarlet  fever,  influenza 
and  typhoid  fever. 

Dutoit  (Archiv  f.  Augenheilk.,  Vol.  71,  p.  1)  has  summed  up  the 
matter  as  regards  the  exact  etiology.  He  linds  that  in  the  chronic 
infectious  diseases,  chiefly  syphilis,  tuberculosis  and  influenza,  this  is 
well  worked  out,  while  the  eye  complications  of  acute  infectious  dis- 
eases are  rarely  mentioned  in  literature.  He  attributes  this  to  the 
fact  that  acute  infectious  diseases,  especially  of  children,  are  mostly 
treated  at  home  and  therefore  are  not  systematically  examined  with 
the  ophthalmoscope.  A  certain  number  of  such  cases  escape  observa- 
tion, as  they  frequently  occur  in  children  who  generally  do  not  com- 
plain of  defect  of  function.  Also,  infectious  optic  neuritis  occasionally 
affects  only  one  eye,  so  that  the  impairment  of  vision  may  not  be 
noticed.  Finally,  the  favorable  course  of  exanthemata  contributes  to 
its  apparent  latency. 

Uhthoff  believes  that  in  cases  of  optic  neuritis  after  measles,  scarlet 
fever  and  typhoid,  meningitic  complications  through  increased  intra- 
cranial pressure  may  cause  choked  disc,  which  arouses  the  erroneous 
impression  of  a  specific  optic  neuritis.  Dutoit  says  that  this  can  be 
easily  decided  by  lumbar  puncture,  and  other  diagnostic  methods  of 
internal  medicine  and  by  certain  peculiarities  of  meningitic  choked 
disc  (e.  g.,  involvement  of  the  intermediate  zone)  in  comparison  with 
papillitis  from  infectious  or  toxic  causes.  The  analysis  of  the  urine 
is  very  important  in  deciding  the  etiology  of  some  forms  of  toxic 
papillitis,  and  even  more  in  optic  neuritis  with  such  endogenous  infec- 
tions as  albuminuria,  diabetes  mellitus,  etc.     Rise  of  temperature  is 
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also  a  clctoriiiiniiig:  factor  in  separating  infectious  optic  neuritis  from 
toxic  neuritis. 

As  a  proof  ol'  his  views,  the  writer  reports  the  clinical  histories  of 
two  cases  of  optic;  neuritis  after  measles,  one  after  scarlet  fever,  and 
one  after  typhoid.  The  optic  neuritis  occurred  late,  from  15  to  20 
days  after  the  onset  of  the  general  disease,  and  thus  had  the  character 
of  a  paraspecific  affection.  The  diagnosis  of  paraspecific  optic  neuritis 
and  its  discrimination  from  meningitic  papillitis  rest  on  the  negative 
result  of  lumbar  puncture,  the  clinical  observation  in  general,  and  on 
the,  although  not  quite  conclusive,  ophthalmoscopic  examination. 
Meningitic  paj)illitis  and  choked  disc  are  characterized  by  more  or 
less  prominence  and  considerable  enlargement  of  the  optic  disc  in  all 
diameters,  due,  according  to  Schieck  and  Kuhnt,  to  a  swelling  of  the 
intermediate  tissue,  which  under  normal  conditions  is  invisible.  The 
pathogenesis  of  paraspecitic  optic  neuritis  has  nothing  to  do  with 
increased  cerebral  pressure  and  is  not  brought  about  in  a  mechanical 
way,  so  that  there  is  no  constriction  choking  of  the  disc  nor  imbibition 
of  the  intermediate  tissue. 

The  predisposition  to  paraspecific  optic  neuritis  in  these  cases  is 
due  to  diminislied  power  of  resistance  in  consequence  of  the  retarded 
reconvalescence.  The  remarkably  favorable  course  of  all  cases  under 
treatment  with  emulsion  of  cod  liver  oil  was,  according  to  Dutoit, 
encouraging,  and  Dutoit  recommends  it  for  further  trials. 

In  two  cases  of  influenza  the  optic  neuritis  set  in  with  fever  and 
symptoms  of  a  more  or  less  manifest  cerebral  irritation.  Lumbar 
puncture  was  negative. 

The  writer  considers  optic  neuritis  as  a  co-ordinate  manifestation  or 
localization  of  influenza.  The  affection  of  the  optic  *  nerve  leads, 
according  to  its  intensity,  to  some  general  phenomena  which  are  partly 
signs  of  a  hematogenous  infection,  partly  of  cerebral  irritation. 

From  the  favorable  course  of  his  cases  the  writer  believes  that  in 
the  papillitic  form  of  infectious  optic  neuritis  the  prognosis  is  good. 

The  reader  who  wishes  to  make  a  further  study  of  this  matter  is 
advised  to  consult  J.  ]\I.  Griscom  {Annals  of  Ophthalm.,  Vol.  xx. 
p.  285,  1911, 
Exanthematophthalmia.  (L.)  An  obsolete  term  intended  to  indicate 
an  inflammation  of  the  conjunctiva  and  eyelids,  and  sometimes  of  the 
eyeball,  following  a  cutaneous  eruption,  especially  a  febrile  exanthema. 
Exarma.     (L.)   (Obs.)     A  projecting  tumor. 

Exarteriitis.     (L.)     Inflammation  of  the  outer  coat  of  an  artery. 
Excandescence.     Excandescency.    A  white  beat. 
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Excavation  of  the  optic  nerve.  A  hollowing  or  "cupping"  of  the  disc, 
or  optic  nerve  entrance,  tliat  may  be  physiologic  or  congenital,  and 
without  particulai'  significance;  or  pathologic,  the  result  ot"  glau- 
coma, optic  atrophy,  etc.    (Gould.)    See  Glaucoma. 

Excentric.     Eccentric.     Out  of  the  center  or  median  line. 

Exces.     (F.)     Excess. 

Excipient.  Any  indifferent  substance  serving  to  give  form,  consist- 
ence, etc.,  to  a  medicinal  sul)stance  blended  with  or  dissolved  in  it. 

Excision  of  the  lachrymal  sac.  See  Lachrymal  sac,  Excision  of  the; 
as  well  as  Lachrymal  apparatus,  Diseases  of  the. 

Excision  of  the  tarsus,  Combined.  See  Tarsus,  Combined  excision  of 
the;  as  well  as  Trachoma  (operations). 

Exciting  eye.  The  exciter.  In  sympathetic  ophthalmia  the  injured 
eye.    See  Sympathetic  ophthalmia. 

Excluded  pupil.  Adhesion  of  the  entire  pupillary  margin  of  the  iris  to 
the  lens.    See  Annular  synechia. 

Exclusion.  This  term  has  various  applications  in  ophthalmology. 
Among  them  is  exclusion  of  the  pupil,  or  annular  synechia  (q.  v.)  ; 
another  refers  to  exclusion  or  suppression  of  the  image,  as  in  a  deviat- 
ing eye  when  cerebral  impressions  and  interpretations  are  in  abeyance, 
or  are  lost. 

Excochleation.  The  operation  of  curetting  a  cavity,  as  of  the  orbit  oj- 
conjunctival  sac. 

Excoecaria  agallocha.  (L.)  This  is  a  species  of  the  Euphorhia^ecE, 
wliose  juices  are  extremely  irritating.  When  an  eye  is  injured  by 
contact  with  a  twig  or  brancli  the  sap  from  it  sets  up  an  acute  ocular 
inflammation  (witli  marked  keratitis,  etc.)  that  may  end  in  blindness. 

Excrescentia  fungosa.  (L.)  An  ancient  and  now  obsolete  term  given 
to  the  last  stages  of  an  intraocular  glioiiiii. 

Excrescences,  Colloid.    See  Colloid  bodies. 

Excursion  test.  The  extent  to  wiiieli  botli  eyes  can  move  in  various 
directions  and  yet  maintain  binocular  hxation.  it  is  usually  applied 
roughly  by  means  of  a  pencil-end  (or  similar  object)  can-ied  through 
the  six  cardinal  directions  and  observing  at  what  point  either  eye  lags 
Ix'hind  or  wanders  away  from  the  fixation  point. 

Exenteration.  In  ophthalmology,  the  operation  of  icmoval  or  eviscera- 
tion of  the  contents  of  the  eyeball  or  of  the  orbit;  in  the  former 
instance  leaving  the  globe  as  a  slump  in  tli''  orl)ital  cavity.  See 
Enucleation. 

Exenteration  of  the  eye.    See  Enucleation  of  the  eye  and  its  substitutes. 

Exenteration  of  the  orbit.  Evisckkation  ok  the  ounri-.  The  removal 
of  the  contents  of  the  orbital  cavity.     Extirpation  of  the  contents 
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of  the  orbit  may  be  partial  or  complete,  and  is  required  when 
enucleation  or  an  osteoplastic  resection  is.  iusufflcient  to  eradicate 
the  orbital  disease.  For  a  complete  account  of  the  various  opera- 
tions under  this  head,  see  Orbit,  Diseases  of  the. 

Exenteratio  orbito-sinualis.  Golovine's  operation.  In  extirpating 
'  orbital  neoplasms,  especially  of  the  malignant  type,  Golovine 
{Annals  d'Oculist.,  Vol.  142,  Dec,  1909)  devised  a  method  which 
has  for  its  object  the  conversion  of  the  orbit  and  surrounding  cavi- 
ties into  one  single  space,  thus  permitting  the  new  growth  to  be 
completely  removed.    See  Orbit,  Diseases  of  the. 

Exenterisis.    (L.)    Exenteration. 

Exenterismus.     (L.)    Exenteration, 

Exerese.     {¥.)     Excision. 

Exeresis.  (Obs.)  Surgical  removal,  as  by  excision,  evacuation  or 
extraction. 

Exidia  auricula  Judae.  Judas 's-ear.  Jew's-ear.  An  astringent  fungus 
once  used  in  diseases  of  the  throat,  in  dropsy,  and  in  ophthalmia. 

Exit-port.  In  optics,  the  image  of  the  annular  diaphragm  that  is 
formed  by  that  part  of  the  optical  system  which  lies  behind  the 
diaphragm  or  aperture-stop. 

Exit-pupU.  In  an  optical  system  a  virtual  aperture-stop  conjugate  to 
the  entrance-pupil. 

Exitura.  (L.)  An  old  name  for  an  abscess;  also  a  term  applied  by 
Paracelsus  to  a  purulent  or  putrid  discharge. 

Exner's  color-figures.  These  are  due  to  homogeneous  red,  green,  and 
blue  light  falling  successively  but  interruptedly  upon  the  retina.  The 
red  figure  is  Medusa-shaped,  with  its  centre  in  the  macula.  The  green 
figure  consists  of  a  number  of  small  black  spots  covering  the  green  field, 
and  the  blue  figure  takes  the  form  of  dark-blue,  large,  sharply-defined 
spots. 

Exocataphoria.  This  term  has  been  used  to  denote  the  tendency  of 
the  visual  line  in  an  inward  and  downward  direction. 

Exoculation.    Removal  of  the  eyeball.    Destruction  of  eyesight. 

Exogenous.     Acting  from  the  outside ;  external. 

Exoine.  (F.)  A  medical  certificate  given  to  insure  exemption  from 
some  duty,  legal  or  other. 

Exoncoma.     (L.)     (Obs.)     A  prominent  tumor. 

Exophoria.  Weakness  of  adduction.  Insufficiency  of  convergence. 
Excessive  divergence.  In  this  oculomuscular  anomaly  the  visual  lines 
tend  to  diverge,  although  this  tendency  may  not  be  visible  to  the 
observer  and  must  be  developed  or  proved  by  certain  tests,  generally 
instrumental. 
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As  the  word  indicates,  there  is  a  tendency  on  the  part  of  the  external 
recti  muscles  and  their  synergists  to  make  the  visual  axes  deviate 
from  the  point  of  fixation.  If  this  tendency  were  not  counteracted 
by  antagonists  of  the  externi,  the  visual  axes  would  either  intersect 
beyond  the  point  of  fixation,  or  they  would  become  parallel  or  even 
divergent.  Abnormal  nervous  tension  of  the  interni  and  their  syner- 
gists counteracts  the  inherent  tension  of  the  externi  and  their  syner- 
gists, so  that  the  tendency  is  not  allowed  to  become  a  turning.  The 
visual  axes  are  thus  forced  to  intersect  at  the  point  of  fixation;  and 
binocular  single  vision  is  maintained,  but  at  the  expenditure  of  aji 
undue  amount  of  nerve  force.  Exophoria,  like  esophoria,  is  of  two 
kinds,  intrinsic  and  false.  As  to  causation,  the  one  kind  is  wholly 
different  from  the  other,  but  the  two  often  coexist.  As  to  the  results, 
the  one  is  the  same  in  kind  as  the  other,  but  the  treatment  of  the  one 
is  not  at  all  similar  to  the  treatment  of  the  other. 

Intrinsic  exophoria. — In  this  the  externi  have  the  advantage  over 
the  interni.  This  imbalance  may  be  due  to  the  fact  that  the  externi 
are  hyper-developed  or  that  the  interni  are  of  subnormal  development. 
It  may  be  that  the  error  is  not  in  the  size  of  the  muscles,  but  in  the 
nature  of  their  attachment  to  the  globe,  the  externi  having  their 
attachment  nearer  the  corneo-seleral  junction  than  normal,  or  that 
the  interni  are  attached  too  far  back ;  it  may  be  that  the  externi  are 
short  and  tense  or  that  the  interni  are  long  and  somewhat  lax.  When 
either  of  these  conditions  causes  exophoria,  the  error  may  be  greater 
in  one  eye  than  in  the  other,  though,  as  a  rule,  the  exophoria  is  about 
equal  in  the  two  eyes.  When  there  is  a  difference,  the  monocular 
phorometer  quickly  shows  it. 

It  must  be  conceded  that  the  cause  of  intrinsic  exophoria  may  not 
reside  in  the  muscles  themselves,  ])ut  may  be  found  in  an  uiieciual 
supply  of  nerve  force,  the  centers  for  the  externi  generating  a  (luantity 
of  nerve  impulse  greater  than  noi-nial,  or  the  third  conjugate  brain- 
center,  of  subnormal  development,  sending  a  weaker  current  to  the 
interni. 

An  intrinsic  exophoria  can  exist  without  there  being  a  state  of 
imbalance  between  the  externi  and  the  interni.  The  oblique  muscles 
are  always  more  or  less  powerful  as  abvertors.  There  is  but  little 
room  for  doubt  that,  in  some  cases,  they  may  be  too  short  and  tense, 
or  they  may  be  too  large  and  powei-ful.  or  their  attachments  may  be 
nearer  the  posterior  poh;  than  normal,  so  that,  in  either  ease,  their 
abverting  power  would  be  increased.  This  increase  may  be  sufificiently 
great  to  cause  an  exophoi-ia,  even  when  there  is  no  cyclophoria. 

Malformation  of  tlie  orbits,  only  in  the  sense  of  their  being  too  far 
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apart,  can  cause  an  exoplioria;  but  when  this  cause  exists  alone,  the 
muscle  imbalance  cannot  be  great. 

The  superior  and  inferior  recti  may  have  tlieir  attachments  so  far 
toward  the  temples  as  to  greatly  lessen  their  power  to  help  the  interni, 
and  tlius  become  a  factor  in  the  production  of  exoplioria. 

Whetlier  the  one  or  the  other  of  the  several  conditions  named  is 
the  cause  of  exophoria,  or  whether  two  or  more  of  them  become  factors 
in  the  production  of  this  error,  the  treatment,  whether  surgical  or 
non-surgical,  must  be  directed  toward  the  lateral  muscles.  As  to 
surgical  means,  either  the  tension  of  the  extern!  must  be  lessened 
or  the  tension  of  the  interni  must  be  increased.  If  brain-centers  are 
structurally  over-developed  or  under-developed,  they  must  remain  so 
always;  if  the  obliques,  because  of  structure,  attachment,  or  innerva- 
tion, abvert  too  powerfully,  they  cannot  be  changed ;  if  the  orbits  are 
too  wide  apart,  surgery  cannot  bring  them  closer  together.  If  the 
superior  and  inferior  recti,  because  of  faulty  attachments,  are  feeble 
advertors,  they  must  not  be  subjected  to  operations  on  this  account. 
For  these  reasons  it  becomes  apparent  that  any  and  every  treatment 
of  intrinsic  exophoria,  whatever  may  be  the  cause,  must  be  directed 
toward  the  externi  or  toward  the  interni.  An  exophoria  that  is  wholly 
muscular,  all  innervation  centers  being  normal,  will  show  the  same 
number  of  degrees  in  the  near  as  in  the  far. 

Intrinsic  exophoria  is  of  two  kinds,  sthenic  and  asthenic.  The 
quantity  of  the  error  does  not  determine  its  character.  Only  the 
abduction  and  the  abversion  tests,  in  any  given  case,  can  tell  the 
operator  that  the  error  is  sthenic  or  that  it  is  asthenic.  Exophoria 
with  abduction  of  less  than  8°  and  abversion  of  less  than  50°  is 
.  asthenic,  and  clearly  indicates  that  the  externi  should  not  have  their 
tension  lessened,  and  just  as  clearly  indicates  that  the  interni  must 
have  their  tension  increased.  Exophoria  with  abduction  of  more  than 
8°  and  abversion  of  more  than  50°  is  sthenic,  and  the  case  should  be 
treated  with  the  view  of  lessening  the  tension  of  the  externi. 

Tests  in  myopic  and  emmetropic  cases  will  always  show  the  full 
amount  of  intrinsic  exophoria  in  the  far.  In  the  near  test  of  a  myope, 
the  intrinsic  exophoria  will  have  the  associated  pseudo-exophoria 
added  to  it.  If  the  emmetrope  does  not  show  the  same  exophoria  in 
the  near  as  in  the  far,  it  is  increased  or  diminished  because  of  an 
abnormal  development  of  the  ciliary  muscles.  If  the  ciliary  muscles 
are  hyper-developed,  there  will  be  more  exophoria  in  the  near  than 
in  the  far,  for  the  reason  that  an  impulse  less  powerful  than  normal 
is  required  of  the  brain-center  controlling  them,  so  that  a  correspond- 
ingly slight  associated  impulse  is  sent  to  the  interni.     If  the  ciliary 
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muscles  are  subnorinally  developed,  they  will  require  an  impulse  more 
powerful  than  the  normal,  and  a  correspondingly  strong  associated 
impulse  must  be  sent  to  the  interni,  causing  a  pseudo-esophoria,  which, 
to  a  certain  extent,  would  neutralize  the  intrinsic  exophoria. 

The  hyperope  will  always  show  less  than  the  full  amount  of  intrinsic 
exophoria  in  both  the  far  and  the  near  tests,  for  the  reason  that  hyper- 
opia always  has  a  pseudo-esophoria  associated  with  it,  which  neutral- 
izes in  part  an  existing  intrinsic  exophoria. 

Fseudo-exophorm. — There  can  be  but  two  causes  for  this  condition. 
One  is  myopia,  or  myopic  astigmatism ;  the  other  is  hyper-development 
of  the  ciliary  muscles,  making  it  necessary  for  the  centers  controlling 
them  to  generate  a  less  powerful  nerve  current  than  would  be  required 
by  these  muscles  if  normally  developed. 

When  the  cause  is  myopia,  or  myopic  astigmatism,  the  pseudo- 
exophoria  shows  itself  only  in  the  near,  and  is  due  to  the  fact  that 
the  guiding  sensation  calls  either  for  no  nerve  force  to  excite  ciliary 
action  or  for  a  quantity  less  than  is  required  by  an  emmetrope,  depend- 
ing on  the  amount  of  the  focal  error;  and  a  correspondingly  slight 
associated  impulse  is  sent  to  the  interni.  If  the  point  of  view  is  16 
inches  distant,  there  should  be  1.8°  of  pseudo-e.xophoria  for  each 
dioptre  of  myopia  up  to  2^^0  D.  and  .9°  for  each  dioptre  of  myopic 
astigmatism  up  to  5  D.  Tliis  kind  of  pseudo-exophoria  does  one  of 
three  things:  (a)  it  increases  an  intrinsic  exophoria  in  the  near,  (b)  it 
shows  an  exophoria  in  the  near  when  there  is  real  orthophoria,  or 
(c)  it  lessens  an  intrinsic  esophoria  in  the  near. 

When  the  pseudo-exophoria  is  due  to  a  hyper-development  of  the 
ciliary  muscles  and  tlie  patient  is  an  emmetrope,  the  error  will  show 
itself  only  in  the  near  test.  If  a  1.50  D  impulse  is  all  that  is  neces- 
sary to  effect  a  3  D  contraction  of  the  ciliary  muscles,  the  pseudo- 
exophoria,  with  the  test  object  at  13  inclies.  sliould  be  2.7°.  This  may 
manifest  itself  in  the  same  tliree  ways  as  that  caused  by  myopia. 
Strictly  speaking,  a  pseudo-exophoria  cannot  exist  in  a  liyperope; 
altliough  the  hyperope  who  has  hyper-developed  ciliary  muscles  will 
.show  a  less  amount  of  pseudo-esophoria  than  would  be  shown  if  these 
muscles  were  of  normal  development.  The  difference  in  amount  is 
equivalent  to  pseudo-exorphoria. 

When  the  far  test  shows  orthophoria  and  the  near  test  shows 
exophoria,  the  error  is  pseudo  in  character,  and  is  dependent  on  one 
or  other  of  llie  two  eanses  above  mentioned;  ;iii<l  the  same  is  true 
when  an  exoplioi-ia  is  less  in  tlic  \nv  llian  it  is  in  the  ne;ir.  The  wime 
exi)lanation  ap[)lies  when  there  is  esophoria  in  llie  fai-  and  exophoria 
in  the  near.     If  in  an  emmetrope  there  is  more  exophoria  in  the  far 
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than  there  is  in  the  near,  the  ciliary  muscles  are  siibnormally  developed, 
and  require  an  excessive  impulse  to  make  them  perform  their  work. 
The  associated  impulse  to  the  interni  is  correspondingly  great. 

There  is  a  form  of  exophoria  not  yet  referred  to,  and  probably  not 
fully  set  forth  in  any  book.  The  cause  unquestionably  resides  in  the 
third  conjugate  innervation  center,  and  is  structural  in  character; 
in  other  words,  the  third  conjugate  innervation  center  is  subnormally 
developed,  and,  for  this  reason,  sends  a  feeble  impulse  to  the  interni. 
The  most  exaggerated  manifestation  of  this  condition  would  lead  one 
to  judge  that  this  brain-center  is  entirely  absent,  for  occasionally  a 
case  is  seen  which  has  no  power  of  convergence.  Such  a  person  enjoys 
binocular  vision  in  the  distance,  but  has  only  monocular  vision  in  the 
near.  In  such  a  case  there  is  no  adduction  power,  for  the  one  visual 
axis  cannot  be  made  to  approach  the  other.  Abduction  will  be  normal 
or  even  above  the  normal.  Adversion  is  unimpaired,  showing  that 
the  fourth  and  fifth  conjugate  innervations  have  full  sway.  The 
abversion  of  the  right  eye  equals  the  adversion  of  the  left  eye,  and, 
vice  versa,  the  abversion  of  the  left  eye  equals  the  adversion  of  the 
right  eye.  In  these  movements  the  visual  axes  are  kept  parallel,  as 
when  the  eyes  are  looking  straight  ahead.  That  the  condition  is  con- 
genital in  most  cases  is  shown  by  the  fact  that  there  is  no  diplopia 
in  the  near.  This  must  be  due  to  an  acquired  mental  suppression 
of  images  that  fall  on  the  temporal  half  of  the  retina,  or,  at  least,  a 
portion  of  it.  The  power  of  mental  suppression  can  be  acquired  only 
in  the  earliest  years  of  life.  Hansell  and  Reber  speak  of  a  patient  in 
whom  this  loss  of  convergence  power  was  acquired,  the  result  of  some 
disease  process  in  the  part  of  the  brain  in  which  is  located  the  con- 
vergence center.  It  is  reasonable  to  suppose  that  this  center  might  be 
destroyed  by  disease.  In  such  a  case,  however,  diplopia  would  exist 
everywhere  except  in  the  distance. 

If  the  third  innervation  center  can  be  entirely  absent  in  one  person 
and  be  present  and  fully  developed  in  another,  it  is  reasonable  to 
conclude  that  in  still  another  it  may  be  present,  but  in  a  state  of 
subnormal  development.  There  may  be  as  many  different  grades  of 
development  of  this  as  there  are  individuals;  but  in  the  majority  of 
persons  this  center  is  able,  doubtless,  to  generate  1°  of  impulse  for 
every  1°  of  convergence,  in  association  with  the  center  of  the  ciliary 
muscles. 

Subnormal  development  of  this  center  must  manifest  itself  in  an 
exophoria  in  the  near  many  degrees  in  excess  of  the  exophoria  in  the 
far  (of  itself  it  can  never  cause  exophoria  in  the  far,  but  it  may  be 
associated  with   some   of  those   conditions  that   cause  intrinsic   exo- 
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phoria)  ;  or,  if  there  is  orthophoria  or  even  slight  esophoria  in  the  far, 
there  will  be  considerable  exophoria  in  the  near.  The  two  ordinary 
causes  of  pseudo-exophoria — that  is,  myopia  and  hyper-developed 
ciliary  muscles — will  not  cause  more  than  5°  of  the  error.  A  greater 
degree  of  variation  between  the  far  and  the  near  tests  than  this,  in 
the  exophoric  direction,  must  be  attributed  to  a  subnormally  developed 
third  conjugate  brain-center.  A  diagnostic  feature  of  this  condition 
is  the  manifestation  of  very  low  abduction  power — much  lower  than 
is  found  in  intrinsic  exophoria  of  the  same  degree. 

It  is  barely  possible  that  a  failure  of  connection  between  the  ciliary 
center  and  the  convergence  center  accounts  for  the  absence  of  con- 
vergence power  in  some  cases;  and  a  slight  connection  may  account 
for  a  feeble  convergence. 

Tests  for  exophoria. — The  cover  test,  alloA\ang  the  eye  to  turn 
toward  the  temple,  will  be  attended  by  a  resetting  of  the  eye  toward 
the  nose  when  the  cover  is  removed,  and  the  false  object  will  move 
rapidly  toward  the  corresponding  side  until  fused  with  the  true 
object.  The  examiner  can  often  see  the  resetting  of  the  eye,  but  not 
so  readily  as  an  intelligent  patient  can  detect  the  apparent  movement 
of  the  test  object. 

The  red  glass,  in  the  higher  grades  of  exophoria,  will  develop  crossed 
diplopia.  The  distance  between  the  red  light  and  the  true  light  will 
give  a  fair  idea  of  the  quantity  of  the  error.  This  test,  resulting  in 
crossed  diplopia,  practically  always  indicates  operative  treatment :  but 
since  it  does  not  show  whether  the  case  is  sthenic  or  asthenic,  it  cannot 
indicate  the  character  of  the  operation  to  be  done. 

The  double  prism  held  before  the  right  eye  so  that  tlie  two  lights 
seen  through  it  shall  be  in  the  same  vertical  line,  the  light  seen  by 
the  left  eye  will  be  to  the  right,  if  there  is  exophoria.  The  extent  of 
the  error  is  shown  by  that  prism,  base  toward  the  nose,  that  will  place 
the  middle  light  in  line  with  the  other  two.  This  test,  so  far  as  it  goes, 
is  safe  and  accurate;  but  it  cannot  show  whether  the  exophoria  is 
sthenic  or  asthenic,  and  cannot,  therefore,  be  r<>lied  upon  in  answering 
the  question:    "What  operation,  if  any,  shall  be  done?" 

The  single  six-degree  prism,  held  base  up  before  the  right  eye,  with 
the  axis  perfectly  vertical,  is  as  relial)le  as  the  double  prism,  though 
one  can  never  be  so  certain  that  the  axis  is  vertical  as  he  can  be  when 
using  the  double  prism.  The  lower,  or  false,  light  will  lie  on  the  oppo- 
site side— crossed  diplopia.  The  prism,  base  in,  that  brings  it  directly 
under  the  true  candle,  measures  the  amount  of  tho  exophoria.  Like 
the  double-prism  test,  this  one  does  not  show  whether  the  exophoria 
is  sthenic  or  asthenic. 
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The  rod  test  is  less  reliable  in  exophoria  than  in  esophoria,  for  the 
reason  that  images  displaced  in  the  temporal  part  of  the  retinal  fusion 
area  seem  to  excite  a  greater  demand  for  fusion  than  when  displaced 
in  the  nasal  part.  Nevertheless,  if  the  exophoria  is  sufficiently  great, 
the  rod  held  with  its  axis  horizontal  before  the  right  eye  will  cause  the 
streak  of  light  to  appear  to  the  left  of  the  candle.  The  prism,  base  in, 
that  brings  this  vertical  streak  into  the  candle,  measures,  but  not  with 
accuracy,  the  exophoria.  It  always  shows  less  exophoria  than  really 
exists.  Maddox  thinks  that  a  red  rod  makes  this  test  practically  per- 
fect, if,  at  the  same  time,  a  plain  green  or  blue  glass  be  held  before  the 
other  eye. 

The  safe,  sure,  speedy,  and  easy  test  for  exophoria  is  by  means  of 
the  phorometer,  and  of  all  the  phorometers  the  monocular  is  the  most 
reliable  in  its  results.  The  method  of  testing  for  exophoria  is  the 
same  as  that  for  esophoria,  the  position  of  the  false  object  always 
determining  whether  it  is  the  one  or  the  other  error.  It  is  always  on 
the  opposite  side  in  exophoria.  The  error  is  measured  by  revolving 
the  rotary  prism  until  the  false  object  is  brought  under  the  true 
object,  when  the  index  will  mark  the  quantity  of  the  error.  In  the 
same  way  the  other  eye  should  be  tested.  In  the  phorometer  test,  as 
in  all  others,  the  exophoria  at  16  inches  should  also  be  determined. 

The  next  step  is  the  taking  of  the  abduction.  This  is  the  chief 
means  for  determining  whether  the  exophoria  is  sthenic  or  asthenic. 
Unless  the  character  of  the  error  is  known,  it  is  not  possible  to  resort 
to  rational  treatment.  AVhatever  means  may  have  been  used  in  detect- 
ing the  imbalance,  the  lifting  power  of  the  externi — abduction — must 
be  taken. 

This. can  be  done,  but  not  quickly  nor  accurately,  by  holding  prism 
after  prism,  base  in,  before  one  eye,  until  the  patient  can  no  longer 
fuse  the  images.  The  chief  objection  to  this  method  is  the  uncer- 
tainty about  the  axis  of  this  prism  being  perfectly  horizontal.  The 
rotary  prism  of  the  phorometer,  the  instrument  being  perfectly  lev- 
eled, is  the  quickest  and  "best  means  for  determining  abduction  or  any 
other  kind  of  duction.  To  test  abduction  with  the  rotary  prism,  the 
handle  must  be  horizontal  and  the  index  must  start  from  zero.  Moving 
the  index  toward  the  temple  it  must  be  stopped  the  moment  the  patient 
says  the  test  object  becomes  double.  The  index  stands  opposite  the 
number  indicating  the  degree  of  abduction.  If  this  is  less  than  8°,  the 
exophoria  is  asthenic;  if  more  than  8°,  it  is  sthenic.  If  abduction  is 
just  8°.  since  it  would  indicate  that  the  tension  of  the  externus  should 
not  be  lessened,  the  exophoria  should  be  classed  as  asthenic,  from  an 
operative  standpoint. 
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Lastly,  abversion  should  be  taken  either  with  the  perimeter  or  the 
tropometer.  This  will  usually  be  found  less  than  50°  if  abduction  is 
low,  and  more  than  50°  if  abduction  is  high. 

While  abduction  and  abversion  are  to  be  relied  on  most,  adduction 
and  adversion  should  always  be  taken.  In  fact,  the  study  of  no  one 
muscle  error  is  complete  until  all  other  errors  have  either  been  found 
or  eliminated;  and  the  individual  strength  of  every  muscle  must  be 
known.  It  is  only  in  this  way  that  the  real  nature  of  an  exophoria 
can  be  known,  and  without  this  knowledge,  rational  treatment  is  impos- 
sible. 

Complications  of  exophoria. — These  are  the  same  as  found  in  con- 
nection with  the  study  of  esophoria.  They  need  only  be  mentioned 
here,  as,  under  the  head  Treatment,  it  will  be  sho\ra  how  they  modify 
the  management  of  the  exophoria.  They  are:  myopia  and  myopic 
astigmatism,  hyperopia  and  hyperopic  astigmatism,  and  plus  and 
minus  cyclophoria.  Thus  it  appears  that  not  only  the  relationship  of 
every  pair  of  muscles,  and  the  condition  of  every  individual  muscle, 
must  be  known,  but  the  refraction  must  also  be  understood,  if  one 
would  deal  successfully  with  exophoria. 

The  subjective  symptoms — or,  more  correctly  speaking,  the  reflex 
nervous  symptoms — caused  by  exophoria  are  not  due  to  the  inherent 
tension  of  the  externi  and  their  synergists,  but  to  the  nervous  tension 
of  the  interni  and  their  synergists,  necessary^  for  maintaining  binocular 
singular  vision.  A  symptom  of  which  exophorics  very  commonly 
complain  is  a  blurring  or  running  together  of  the  letters  of  the  printed 
page,  after  more  or  less  prolonged  reading.  At  such  times  the  reader 
feels  compelled  to  close  the  eyes  tightly  before  resuming  his  reading. 
Another  symptom,  often  present  when  near  work  is  being  done,  is  a 
heavy,  sleepy  feeling  of  the  upper  lids,  also  a  stiff  feeling  of  the  upper 
lids,  as  if  they  were  adherent  to  the  globes.  Prolonged  near  work 
congests  the  margins  of  the  lids,  even  developing  a  marginal  blepharitis, 
more  commonly  in  exophoria  than  in  any  other  form  of  heterophoria. 
A  drawing  sensation  on  the  nasal  side  of  the  eyes  is  often  complained 
of.  There  is  no  facial  expression  or  pose  of  the  head  that  Ls  peculiar 
either  to  exophoria  or  to  esophoria. 

Treatment.  Non-operative. — In  pseudo-exophoria  tlie  cause  should 
always  be  removed,  if  practicable,  by  non-operative  means.  The 
pseudo-exophoria  caused  by  myopia  and  found  only  in  the  near,  when 
it  serves  to  neutralize  a  part  of  an  inherent  esophoria,  should  be 
allowed  to  continue  until  the  esophoria  has  been  cured  by  prisms  in 
positions  of  rest,  by  exercise  of  the  externi,  or  by  operations.  By  the 
non-treatment  of  a  pseudo-exophoria  of  this  character  is  meant  that 
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tlio  luyopiL"  convctioii  should  not  be  worn  in  near  work.  For  distant 
seeing  tlie  myopic  correction  should  always  be  worn,  for  it  neither 
adils  to  nor  diniinishcs  any  form  of  heterophoria.  If  a  myope  is 
ortliophorie  for  distance,  the  concave  lenses  should  be  worn  for  all 
purposes.  With  the  lenses  on  for  distant  seeing  there  will  still  be 
or1hoi)horia ;  with  them  on  in  near  work  the  pseudo-exophoria  is 
relieved  ixud  the  patient  becomes  orthophoric  in  the  near  as  well. 
If  the  myope  is  exophoric  in  the  distance,  the  concave  lenses  should 
be  worn  for  all  purposes.  The  distant  test  will  show  the  same 
exophoria  with  and  without  the  lenses.  In  the  near  test  without  the 
lenses,  the  exophoria  shown  will  be  the  intrinsic  plus  the  pseudo ;  and 
with  the  lenses  will  be  onl.y  the  intrinsic,  the  pseudo-exophoria  having 
been  cured  by  the  establishment  of  the  normal  relationship  between 
the  center  of  convergence  and  the  center  of  ciliary  action. 

The  pseudo-exophoria  caused  by  over-development  of  the  ciliary 
muscles,  requiring  less  than  a  1  D  impulse  to  effect  a  1  D  contraction 
of  these  muscles,  is  best  treated  by  the  wearing  of  concave  lenses,  only 
in  the  near  if  the  patient  is  an  emmetrope,  but  both  in  the  far  and  in 
the  near  if  the  patient  is  slightly  hyperopic.  By  so  doing  a  pseudo 
esophoria  is  developed  which  lessens  the  exophoria.  If  the  diagnosis 
is  correct — that  is,  if  the  exophoria  is  wholly  or  in  part  pseudo — the 
wearing  of  concave  lenses  will  l)e  attended  by  a  source  of  relief.  When 
they  cause  discomfort,  they  should  be  discarded ;  for  the  exophoria 
is  due  to  some  other  cause  than  hyper-development  of  the  ciliary 
muscles. 

J.  J.  Chisolm  prescribed  concave  cylinders  when  his  patients  had 
hyperopic  astigmatism.  Although  he  did  not  so  teach,  nevertheless 
his  patients  that  were  benefited  had  exophoria.  An  esophoric  patient 
would  not  have  tolerated  such  lenses. 

Patients  who  are  hyperopic  and  have  either  pseudo  or  inherent 
exophoria  should  never  be  given  (he  full  correction  of  the  hyperopia, 
for  the  imbalance  would  be  made  worse.  If  the  hyperopia  is  less  thaii 
2  dioptres  and  the  exophoria  in  the  near  is  more  than  4°,  no  correction 
should  be  given ;  if  more  than  2  dioptres,  only  the  excess  should  be 
corrected.  After  an  exophoria  has  been  cured  by  exercise  or  by 
operation,  a  full  correction  of  the  hyperopia  may  be  given,  but  in  most 
cases  0.50  D  should  go  uncorrected. 

Those  unfortunate  subjects  who  have  no  converging  power,  probably 
because  of  absence  of  the  third  conjugate  innervation  center,  cannot 
be  relieved  by  either  lenses,  prisms,  exercise,  or  operations. 

Inherent,  exophoria. — The  treatment  of  the  two  forms  of  inherent 
exophoria  is  the  same,  so  far  as  concerns  non-operative  means.     The 
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first  of  these  is  prisms  in  positions  of  rest  (bases  in)  for  the  weak 
interni.  The  full  correction  of  exophoria  by  prisms  should  not  be 
attempted;  probably  only  a  half  correction  of  the  error  should  be 
given.  ]\Iaddox  suggests  a  correction  of  half  or  a  third  of  the  distant 
and  a  quarter  of  the  near  exoplioria.  When  there  is  no  complicating 
eyclophoria,  the  prismatic  effect  should  be  equally  divided  between  the 
two  eyes,  and  the  axes  of  the  prisms  should  be  perfectly  horizontal. 
The  same  rule  holds  good  when  there  is  a  liyperjihoria  of  one  eye  and 
a  cataphoria  of  the  other.  If  there  is  a  complicating  plus  eyclophoria 
without  any  hyperphoria,  the  prismatic  effect  should  be  equally  divided 
between  the  two  eyes;  but  the  axis  of  each  should  l)e  tilted  down  at  the 
temporal  end,  so  as  to  make  the  externi  tort  the  eyes  in  while  turning 
them  out  to  fuse  the  displaced  images.  The  axes  should  be  tilted  in 
the  opposite  direction  if  the  complication  is  a  miniis  eyclophoria. 
When  the  complication  is  a  plus  eyclophoria  with  a  right  hyperphoria 
and  a  left  cataphoria,  the  exophoric  prism  should  be  placed  only  before 
the  hj^perphoric  eye  and  its  axis  should  be  tilted  down  at  the  temporal 
end.  The  muscular  action  necessary  for  overcoming  the  prism  will 
turn  the  eye  out  and  down  and  tort  it  in.  if  discomfort  results,  it 
will  be  due  to  the  work  that  the  inferior  rectus  has  liad  to  do  to  over- 
come the  prismatic  displacement.  If  any  prism  is  placi^d  before  the 
left  (cataphoric)  eye,  its  axis  should  l>c  pci't'cctlx-  liorizoiiliil,  for.  if 
tilted  down  at  the  temporal  end,  it  wonid  favor  the  cycloplioria,  l)ut 
increase  the  cataplioria  :  while,  if  lilted  up.  it  would  force  a  correction 
of  the  cataphoria.  I)ut  would  inci-ease  the  ])lns  cyeh^phoria.  If  there 
is  doubt  as  to  whether  the  axes  of  the  exoi)liorie  prisms  should  be  tilted, 
it  is  better  to  place  tiiem  exactly  horizontal.  Weak  exophoric  |)risms, 
with  their  axes  perfectly  horizontal,  sliouhl  ln-ing  .some  relief  to  most 
patients.  AVhen  they  do  not  relieve,  it  thus  becomes  evident  that  one 
extennis,  if  not  ])oth.  is  attached  too  IiIliIi.  and  there  is  developed  a 
plus  eyclophoria. 

The  o)).iection  j-aised  against  es()i)horie  rest  prisms,  that  they  inter- 
fere with  the  law  of  direction,  ai)plies  with  e(|ual  force  to  prisms  in 
positions  of  rest  foi-  exoplioi-ia. 

Decentration  of  lenses,  in  for  convex  and  out  for  eoneave.  will 
accomplish  the  same  results  for  e.\oi)lioria  as  will  prisms  witii  bases  \u. 

Exercise  treatment. — Thei-e  are  two  useful  methods  of  exercising  the 
weak  interni  in  eases  of  exophoria.  The  simplest,  if  not  th<'  best,  and 
certainly  the  eheaix-st,  is  the  eatulle  exejvise.  The  eandle  is  mentioned 
for  the  reason  that  the  iinau-es  of  its  l.la/c  stimulate  the  two  retinas 
so  as  to  make  it  more  cei't.iin  tliat  th.'  rciitri-  of  ,-oiivei-gene.-  will  he 
excited  suffieienlK   to  eoinciL^'  the  visual  axes,  as  the  eiindle  is  hmu^'ht 
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from  arm's  length  to  a  point  six  or  seven  inches  from  the  eyes.  Images 
less  bright,  such  as  those  of  a  pencil,  in  Some  cases  would  not  suffi- 
ciently stinnilate.  If  properly  conducted  and  continued  sufficiently 
long,  it  will  do  good  in  all  eases  except  those  in  whom  the  interni  have 
attachments  too  high  on  the  globes.  Interni  thus  attached,  when  exer- 
cised either  with  the  candle  or  by  means  of  prisms,  will  call  into  simul- 
taneous action  the  inferior  obliques,  that  they  may  prevent  the  con- 
vergence of  the  vertical  axes  of  the  eyes.  In  the  greater  number  of 
cases  this  would  either  add  to  or  develop  a  plus  cyclophoria  while 
curing  the  exophoria.  The  patient  would  not  be  benefited.  But  when 
the  interni  have  the  ideal  attachments,  or  even  when  they  are  attached 
too  low,  the  candle  exercise,  as  well  as  prism  exercise,  will  do  good. 
In  cases  of  ideal  attachment  only  the  interni  are  exercised;  in  cases 
with  attachment  too  low  every  contraction  of  the  interni  is  attended 
by  a  contraction  of  the  superior  obliques,  so  that  development  of  the 
interni  is  attended  by  a  corresponding  development  of  the  superior 
obliques — a  thing  to  be  desired  in  many  cases. 

The  rapidity  of  a  cure  of  exophoria  by  the  candle  exercise  depends 
in  part  on  the  quantity  of  the  exophoria  and  in  part  on  the  character 
of  the  blood  supply  of  the  interni ;  abundant  blood  supply  means 
quicker  results.  Gentle  rhythmic  exercise  will  increase  the  size  and 
power  of  a  muscle,  whether  voluntary  or  involuntary.  Permanent 
results  follow  such  a  method.  No  one  can  doubt  that  a  muscle  can 
be  developed;  there  is  reasonable  doubt  if  a  nerve  center  can  be  de- 
veloped as  a  result  of  either  mild  or  severe  stimulation.  A  nerve  cell 
is  very  different  from  a  muscle  fiber. 

There  are  two  methods  of  exercising  the  interni  by  means  of  prisons. 
The  one  is  gentle  rhythmic  exercise  by  means  of  weak  prisms  with  their 
bases  out ;  the  other  method  is  that  first  suggested  by  Deady,  and  later 
advocated  by  Gould — loading  the  convergence  by  means  of  the  strong- 
est prisms  possible.  The  former  is  intended  for  the  strengthening  of 
the  muscles  themselves,  while  the  latter  is  designed  to  stimulate  the 
convergence  center  to  greater  activity.  The  advocates  of  the  latter 
method  claim  that  exophoria,  in  most  cases,  is  purely  innervational 
and  should  be  cured  by  forced  stimulation  of  the  convergence  brain- 
center,  the  third  conjugate  innervation  center.  That  this  center  is 
susceptible  to  excessive  stimulation  cannot  be  denied,  but  it  is  doubtful 
if  this  should  be  done.  It  is  certainly  more  rational  to  develop  the 
interni  so  as  to  make  them  respond  normally  to  the  impulse  that  the 
brain-center  can  easily  generate  in  its  real,  though  it  may  be  sub- 
normal, state  of  development.     If  it  were  possible  to  enlarge  the  ca- 
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paeity  of  a  brain-center,  as  it  is  possible  to  increase  the  size  and  power 
of  a  muscle,  the  Deady  method  would  not  be  objectionable. 

In  the  rhythmic  exercise  of  the  interni  by  prisms,  the  design  is  to 
produce  slight  contractions  by  means  of  weak  prisms  (from  1°  to  8°) 
with  their  bases  out,  to  be  followed  by  complete  relaxation,  each  con- 
traction and  relaxation  to  last  about  three  seconds,  throughout  a  sit- 
ting of  not  more  than  ten  minutes.  The  exercise  should  always  stop 
short  of  fatigue,  for  exercise  that  tires  does  not  build.  To  get  prac- 
tically complete  relaxation,  the  object  of  hxation  should  be  twenty 
feet  distant.  Persistent  exercise,  after  this  method,  in  low  degrees  of 
inherent  exophoria,  wall  produce  permanent  results. 

In  high  degrees  of  intrinsic  exophoria,  non-operative  measures  will 
be  productive  of  but  little,  and  that  little  will  be  slow  of  accomplish- 
ment. ExoiDhoria  in  the  distance  of  4°  or  more,  and  an  exophoria  in 
the  near  equal  to  the  angle  of  convergence  at  that  point,  give  little 
promise  of  yielding  to  non-operative  means.  An  exophoria  that  gives 
diplopia  in  the  distance  under  the  red-glass  test,  is  practically  always 
a  case  for  surgical  treatment.  All  cases  not  showing  good  results,  in 
a  reasonable  length  of  time,  under  non-operative  measures,  should  be 
given  the  advantage  offered  by  skilled  surger3^ 

The  object  in  view  when  exercising  the  interni  in  exophoria  is  to  so 
develop  them  that  they  may  respond  normally  to  a  normal  nerve  im- 
pulse— 1°  of  contraction  for  every  degree  of  impulse. 

Operative  treatment. — ^Before  any  operation  for  exophoria  is  done, 
the  possibility  of  a  cure  by  non-operative  means  should  be  eliminated, 
and  the  condition  of  every  extrinsic  ocular  muscle  should  be  known. 
Complicating  muscle  imbalances  must  be  taken  into  account,  and,  if 
possible,  should  be  corrected  by  the  operations  for  the  exophoria.  In 
uncomplicated  cases  of  exophoria,  and  in  cases  complicated  oidy  by 
hyperphoria  of  one  eye  and  cataphoria  of  the  other,  the  operatiojis 
must  either  diminish  the  tension  of  the  externi  or  increase  the  tension 
of  the  interni.  When  the  exophoria  is  complicated  by  a  cyclophoria, 
not  only  must  the  muscle  tension  be  altered,  but  the  muscle  phinc  must 
also  be  changed. 

In  sthenic  exophoria  the  externi  shouhl  be  lii-st  subjected  to  Hie 
operation  of  partial  tenotomy,  with  the  view  of  reducing  their  tension. 
The  case  being  uncomplicated,  the  tenotomy  should  be  eentr;il.  'IMie 
operative  effect  should  be  equally  divided  lietwcm  the  two  externi, 
and  should  not  be  so  extensive  as  to  reduce  abduction  beh)\v  S''  or 
abversion  below  50°.  In  no  ca.se  of  exophoria  shouhl  a  c()Mq)lete 
tenotomy  of  an  externus  ever  be  done,  for  tlie  reason  thai  the  risk  of 
reducing  both  the  duction  and  version  power  beh)\v  the  nornud  would 
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be  too  great.  After  the  two  partial  teiiotoiuies,  any  remaining  exo- 
plioria  lliat  eaiiiiot  be  enred  by  non-operative  measures  should  be  still 
furtlier  I'elieved  by  a  straightforward  shortening  of  one  or  both  interni, 
with  the  view  of  increasing  tension  without  changing  the  plane  of 
rotation. 

When  there  is  a  complication  of  hyperphoria  and  cataphoria  only, 
the  operations,  whether  partial  tenotomies  or  shortenings,  should  be 
done  as  if  no  complication  existed.  At  some  other  time  the  vertical 
error  nnist  be  given  the  proper  treatment. 

A  sthenic  exophoria  that  is  complicated  l)y  a  plus  cyclophoria  only 
should  be  treated  with  the  view  of  lessening  the  tension  of  both  externi 
and  lowering  their  planes  of  action.  This  would  be  accomplished  by 
cutting  the  upper  and  central  fibers  of  each  externus  as  nearly  alike 
as  possible,  leaving  the  lower  fibers  intact.  The  three-fold  effect  of 
these  two  operations  would  be:  (a)  lessening  or  curing  the  exophoria; 
(b)  correction,  wholly  or  in  part,  of  the  plus  cyclophoria;  (c)  the  pro- 
duction of  a  double  cataphoria. 

A  sthenic  exophoria  complicated  by  a  plus  cyclophoria  and  a  right 
hyperphoria  and  left  cataphoria  should  be  subjected  first  to  a  partial 
marginal  tenotomy  of  the  externus  of  the  hyperphoric  eye.  The  opera- 
tion of  cutting  the  upper  and  central  fibers  of  this  externus  would  be 
attended  by  these  three  results:  (a)  lessening  of  the  exophoria;  (b)  a 
partial  or  complete  correction  of  the  plus  cyclophoria;  (c)  \he  produc- 
tion of  a  cataphoria  equal  to,  or  a  little  less  than,  the  cataphoria  in 
the  other  eye.  If  any  remaining  exophoria  should  still  be  complicated 
with  plus  cyclophoria  and  left  cataphoria,  the  second  operation  should 
be  a  shortening  of  the  left  internus  in  such  a  way  to  both  increase 
its  tension  and  elevate  its  plane  of  action.  This  would  have  three 
results:  (a)  still  further  diminishing,  if  not  curing,  the  exo- 
phoria; (b)  a  further  correction  of  the  plus  cyclophoria;  (c)  an 
elevation  of  the  cataphoric  eye  so  as  to  bring  it  as  nearly  as  possible 
in  the  same  horizontal  plane  with  the  eye  that  was  primarily  hyper- 
phoric. Should  the  first  operation  cure  the  complicating  plus  cyclo- 
phoria, even  if  the  hyperphoria  were  not  cured,  the  remaining  exo- 
phoria should  be  relieved  by  a  central  partial  tenotomy  of  the  externus 
of  the  left  eye,  which  would  alter  its  tension  without  changing  its 
plane  of  action. 

Asthenic  exophoria,  uncomplicated,  should  be  treated  by  straight- 
forward shortening  of  both  interni,  the  operative  effect  being  as  equally 
divided  between  them  as  possible.  In  this  way  their  tension  would  be 
increased,  but  their  planes  of  rotation  would  not  be  changed.  The 
same  operations  should  be  done  when  the  exophoria  is  complicated  by 
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hyperphoria  and  eataplioria.  Operations  for  a  lateral  eri-or  siioul.l 
attempt  the  siuiultaneoiis  eorreetioii  of  a  vertical  error  only  when 
there  is  a  complieating  cyelophoria. 

Asthenic  exophoria,  complicated  by  a  plus  cyelophoria  only,  should 
have  both  conditions  relieved  ])y  shortenings  of  both  interni  in  such  a 
way  as  to  increase  their  tension  and  elevate  their  planes.  The  triple 
effect  would  be:  (a)  correction  of  the  exophoria  ;  (b)  cure  of  the  plus 
cyelophoria;  (c)  the  production  of  a  double  hyperphoria.  When  the 
complication  is  not  only  a  plus  cyelophoria,  l)ut  a  right  hyperphoria 
and  left  cataphoria  as  well,  the  first  operation  should  be  a  shortening 
of  the  left  internus  in  such  a  way  as  to  l)oth  increase  its  tension  and 
elevate  its  plane.  These  would  be  the  effects  of  this  operation:  (a) 
correction,  wholly  or  in  part,  of  the  exophoria;  (b)  a  partial  or  com- 
plete cure  of  the  cyelophoria;  (c)  the  production  of  a  double  hyper- 
phoria. If  the  internus  of  the  right  eye  must  be  ojx'rated  upon,  the 
shortening  must  be  straight-forward,  even  if  the  two  complications 
still  existed ;  for  an  elevation  of  its  plane  would  inci-ease  the  hyper- 
phoria while  lessening  the  plus  cycloj)horia,  and  lowei'ing  its  plane 
would  increase  the  cyelophoria  while  diminishing  the  hyperphoria. 

If  a  minus  cyelophoria,  which  is  rare,  should  alone  comj)licate  an 
exophoria,  the  marginal  tenotomies  of  the  externi  wouhl  be  below,  and 
the  shortenings  of  the  interni  would  have  to  ])e  tlone  so  as  to  depress 
their  plane  of  rotation.  If  the  miinis  cyelophoria  with  a  hyperphoria 
and  catai)horia  should  complicate  an  exophoria,  a  lower  marginal 
tenotomy  of  an  exiernus  sliould  l)e  pi'rfoi'med  only  on  the  externus 
of  the  cataphoric  eye;  while  a  shortening  of  an  intei'uus  with  depres- 
sion of  its  plane  should  be  done  only  on  the  internus  of  the  hyper- 
phoric  eye,  foi*  reasons  that  are  apparent. 

The  chief  object  in  operating  for  exophoria,  whether  the  operation 
be  partial  tenotomies  of  the  externi  for  sthenic  exophoria  or  short- 
enings of  the  interni  for  asthenic  exophoria,  is  to  so  change  the  relative 
tension  of  the  interni  as  to  enable  them  to  respond  normally  to  a  nor- 
nud  impulse  fi'om  tiu^  third  conjugate  inin'ixal  ion  (ciitcr  1  (lc>_;i-ee 
of  convergence  for  every  degree  of  imi)ulsf  -and  ihns  cstaMish  li;ii-- 
mony  between  the  externi  and  the  interni. 

The  change  of  the  plane  of  action,  though  of  vast  importance,  de- 
pends solely  on  the  existence  of  a  complicating  cycloi)li()ria. —  ((}.  (!.  S.) 

Wilkinson  {Ophthalmic  Ycar-Booh,  p.  1<)(),  liMO)  believes  that  exo- 
|)horia  causes  more  lU'rvous  breakdowns  than  any  other  single  lesion 
of  the  eye.  He  regards  basilar  headaches  as  a  very  constant  symptom. 
Ilis  treatment  consists  of  correction  by  decentered  lenses  or  prisms, 
exercise  of  the  internal  rectus,  and  (inally  operation   if  the  deviation 
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is  above  5  degrees  and  the  patient  not  relieved  by  the  previous  methods. 
Error  of  refraction  if  present  is  always  to  be  corrected. 

One  of  the  best  expositions  of  this  subject  is  the  paper  by  Landolt 
{Ophthalmic  Record,  p.  622,  Dec,  1914)  who,  under  the  title  Insuffi- 
ciency of  convergence,  gives  the  diagnosis,  measurement  and  treatment 
of  exophoria  and  exotropia.  He  estimates  the  defect  in  terms  of  metre 
angles  by  means  of  his  dynamometer,  or  ophthalmodynamometer, 
which  is  described  and  pictured  in  the  article.  He  believes  that  we 
must  first  decide  whether  a  patient's  convergence  is  or  is  not  sufficient 
for  his  needs  by  first  estimating  the  number  of  metre  angles  correspond- 
ing to  his  usual  working  distance.  Then  we  ask  ourselves  whether  this 
amount  is  less  than  one-third  of  the  working  force  required.  If  not  he 
may  work  wdthout  extrinsic  muscular  strain.  In  other  words,  if  we 
find  with  asthenopic  symptoms,  that  one-third  of  the  positive  con- 
vergence is  not  below  the  number  of  metre  angles  required  by  the 
patient's  usual  working  distance  then  it  is  highly  probable  the  cause 
of  the  asthenopia  is  outside  of  the  external  muscle  apparatus. 

On  the  other  hand,  if  the  working  distance,  etc.,  call  for  more  than 
one-third  of  the  positive  convergence  power  at  the  disposal  of  the 
patient  this  disparity  will  certainly,  sooner  or  later,  provoke  symptoms 

Im 
of  eye-strain.    For  example,  a  person  forced  to  work  at  —  has  in  all 

3 
6  m.a.  of  convergence,  and  requires  for  that  purpose  a  working  power 
of  3  m.a.  and  a  reserve  of  6  m.a.,  or  9  m.a.  in  all.    He  has,  however, 
only  4  m.a.  (two-thirds  of  six)  in  reserve  and  the  balance  2  m.a.  for 
work ;  hence  is  defective  3  —  2^1  m.a. 

The  treatment  of  insufficient  convergence  consists  either  in  furnish- 
ing the  patient  with  the  required  convergence  (i.e.  with  additional 
metre  angles  of  convergence)  or  in  altering  his  working  distance. 
The  latter  requirement  is  met,  theoretically  at  least,  by  the  prescrip- 
tion of  prisms  with  their  apices  directed  towards  the  temple — abductor 
prisms,  one  may  call  them.  But  if  prismatic  glasses  are  correct  in 
theory  are  they  of  practical  value? 

"If  one  desires  to  correct  the  refractive  error  of  a  myopic  patient 
it  is  necessary  to  give  him  a  glass  corresponding  to  the  amount  of  his 
ametropia ;  a  minus  1  D.  lens  would  be  of  no  use  to  a  myope  with  six- 
teen D.  So  is  it  with  the  correction  of  anomalies  of  convergence.  If 
we  decide  to  order  prismatic  glasses  the  lens  correcting  the  ametropia 
should  be  combined  with  the  prism  but  I  would  advise  at  first  a  weak 
prism — one  not  fully  correcting  the  convergent  error — and  then  in- 
creasing it  until  full  strength  is  used.    However  it  will,  I  believe,  be 
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found  (just  as  I  showed  the  unreliability  of  decentering  lenses  for 
their  prismatic  effect  in  this  same  condition)  that  the  use  of  prisms 
in  this  fashion  either  produces  other  symptoms  (apparent  incurvation, 
coloration  of  objects,  etc.)  tliat  are  almost  as  objectionable  as  the 
muscular  asthenopia  itself,  or  they  fail  to  relieve  the  asthenopic  com- 
plaints of  the  patient. 

"It  is  generally  the  case  that  the  convergence  defect  is  more  than 
one  metre  angle.  In  this  instance  there  is  little  to  be  gained  by  resort 
to  purely  optical  means  for  its  relief ;  it  is  better  to  endeavor  radically 
to  increase  the  convergent  power.  Apart  from  rest,  attention  to  the 
general  condition  and  other  hygienic  measures — all  of  which  are  im- 
portant and  should  ever  be  borne  in  mind  in  the  conduct  of  all  these 
cases — operative  measures  are  the  most  effective. 

"It  may  be  difficult  to  explain,  but  tenotomy  of  an  ocular  tendon 
does  increase  the  duction  power  of  its  antagonist;  and,  as  we  generally 
desire  to  decrease  divergence  and  augment  convergence,  simple  tenoto- 
my of  one  or  both  external  recti  would,  at  first  blush,  seem  to  be  indi- 
cated in  insufficiency  of  convergence.  ^Moreover,  as  it  is  a  simple 
procedure,  and  one  more  easily  carried  out  than  advancement,  it  ap- 
peals to  many  surgeons.  However,  my  experience  shows  that,  in  addi- 
tion to  the  danger  of  producing  diplopia  and  other  disagreeable  con- 
sequences of  a  complete  section  of  one  or  both  abductor  tendons,  the 
muscular  asthenopia  (for  which  the  operation  is  done)  is  not  always 
relieved.  This  untoward  result  follows,  to  my  mind,  from  interference 
with  an  important  function  of  the  externi — facultative  or  latent  di- 
vergence. From  these  and  other  reasons  I  long  ago  abandoned  tenoto- 
my of  the  externi  as  a  remedy  for  insufficient  convergence  in  favor  of 
advancement  of  one  or  both  interni.  The  latter  method  is  a  logical 
procedure  and  one  that  infallibly  augments  convergence  without  inter- 
fering with  the  almost  equally  important  relative  divergence  power. 
In  other  words  it  restores  or  brings  about  the  normal  relations  of  con- 
vergence and  divergence. 

"I  have  demonstrated  that  a  siini)l('  advancement  of  one  internal 
rectus,  without  tenotomy  of  an  antagonist,  may  increase  the  conver- 
gence power  from  3  m.a.  to  20  m.a  Thus,  a  single  operation,  per- 
formed on  one  eye,  is  able  to  cliange  an  insufficiency  into  an  excess  of 
convergence. 

"Strangest  result  of  all  (and  very  important)  is  tliat  this  appar- 
ently excessive  addition  of  convergent  power  does  not  interfere  witb 
the  important  relative  divergence.  It  is  comparal)le  with  the  well- 
known  fact  that  in  advancement  of  an  internns  for  divei-gent  squint, 
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wliiU'  it  iiKirkedly  iiu'reases  convergence,  does  not  limit  the  temporal 
excursions  of  the  eyeball. 

"As  to  tile  degree  and  maimer  of  advancement,  vv^hen  three  or  six 
(or  more,  because  one  need  not  be  particular  in  this  regard)  m.a.  of 
additional  convergent  power  are  required  I  always  advance  the  ten- 
don of  one  internus  to  the  corneal  margin.  For  the  reason  I  have  just 
alluded  to  an  apparent  excess  of  operative  convergence  is  not  vital  in 
these  cases.  Moreover,  the  extrinsic  ocular  muscles  are  not  rigid 
bands  of  tissue  to  be  mathematically  measured  by  a  millimetre  rule; 
and  one  cannot  surgically  place  them  here  or  there  as  if  they  were 
pieces  of  metal.  It  must  not  be  forgotten,  either,  that  there  are  other 
considerations  (tonus,  innervation,  etc.)  besides  length  and  position 
of  an  advanced  tendon  to  be  considered." 

In  any  event  we  have  the  principal  clinical  fact,  viz.,  that  even  an 
excessive  result  is  almost  invariably  satisfactory,  is  not  followed  by 
additional  symptoms  and  relieves  the  oculomotor  asthenopia  just  as 
completely  as  if  by  operation  a  normal  balance  were  secured.  When 
by  means  of  an  advancement  the  patient  secures  twenty  or  even  more 
metre  angles  of  convergence  he  will  use  of  the  total  amount  only  the 
portion  required  for  comfortable  near  work. 

One  now  and  then  meets  with  cases  that  after  operation  exhibit  a 
normal  or  satisfactory  convergence  but  whose  muscles  assume,  after 
a  time,  a  condition  very  like  that  which  obtained  before  the  advance- 
ment. These  are  invariably  neuropaths — persons  with  defective  motor 
innervation.  In  such  patients,  while  a  second  advancement — of  the 
internus  tendon  of  the  opposite  eye — is  indicated,  treatment,  directed 
to  the  general  nervous  condition,  should  be  instituted  in  conjunction 
with  the  surgical  intervention.  Fortunately,  such  instances  are  very 
rare  and  the  surgeon  will  find  that  advancement  of  a  single  internus 
tendon  will  suffice  to  cure  practically  all  cases  of  muscular  asthenopia 
dependent  upon  insufficient  convergence. 

Family  exophoria. — Because  of  the  relationship  between  the  shape 
of  the  head  and  the  orbital  development  and  of  the  fact  that  the  latter 
contributes  to  faulty  extrinsic  ocular  muscle  action,  Wendell  Reber 
{'Practical  Medicine  Series,  p.  142,  1910)  undertook  the  measurement 
of  a  number  of  heads.  A  series  of  heads  was  measured  at  random, 
while  another  series  was  made  up  from  families  known  to  have  so- 
called  family  headaches.  There  were  40  cases  in  the  second  series.  The 
heads  of  the  men  were  measured  by  a  hatter's  conformer,  and  the  heads 
of  the  women  with  calipers.  These  forty  people  formed  the  majority 
of  seven  families.  One  was  orthophorie,  five  esophoric  and  thirty- 
four  were  exophoric.     Of  the  thirty-four  exophorics,  twenty-one  sub- 
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mitted  to  head  measurements.  Of  this  number  eighteen  were  long 
skulled  (dolieoeephalic),  and  three  were  medium  skulled  (meseeph- 
alie).  The  writer  believes  that  if  this  relation  were  obtained  in  a 
large  series  of  cases  it  would  indicate  that  dolicocephalus  predisposes 
to  exophoria.  See,  also,  Muscles,  Ocular;  as  well  as  Adductive  power, 
Weakness  of. 

Exophoria,  Intrinsic.    Sec  Exophoria. 

Exophoria,  Pseudo-.     See  Exophoria. 

Exophthalmia.     Abnormal  prominence  of  the  eyeball. 

Exophthalmia  cachectica.    Exophthalmic  goitre. 

Exophthalmia  fungosa.  (L.)  A  term  formerly  employed  to  describe 
a  late  stage  of  glioma  retinae,  after  the  malignant  growth  has  filled  the 
eyeball  and  caused  a  perforation  of  the  cornea  or  anterior  portion  of 
the  sclera.  The  tumor-growth  then  protudes,  proliferates  rapidly,  and 
gives  a  "fungous"  appearance  to  the  front  of  the  eyeball. 

Exophthalmic  goitre.  Flajani's  disease.  Basedow 's  disease.  Graves' 
DISEASE.  Parry  "s  disease.  Hyperthyroidism.  This  important  sul),)t'c1, 
has,  to  some  extent,  been  already  discussed  under  the  caption  Basedow's 
disease  in  this  Encyclopedia  (Vol.  II,  page  901),  and  it  is  suggested 
to  the  reader  that  he  first  consult  the  former  section,  as  well  as  the 
rubric  Exophthalmos,  before  perusing  the  matter  under  this  lieading. 
The  three  cardinal  and  characteristic  symptoms  of  this  disease 
are  tachycardia,  enlargement  of  the  thyroid  gland,  and  exophthalmos. 
The  secondary  symptoms  are  tremor,  excessive  sweating,  nervousness, 
mental  depression,  apprehension,  emaciation,  pain  and  weakness  in  the 
extremities,  brittleness  of  the  nails,  loss  of  hair  (including  eyelashes 
and  eyebrows),  increased  lachrymation,  conjunctivitis,  diminislied 
power  of  convergence,  and  other  less  common  symptoms.  Tremor  is 
very  constant,  although  at  times  coming  on  only  late  in  the  disease, 
and  has  been  classed  by  some  writers  as  a  cardinal  symptom  (Butler). 
Of  the  three  cardinal  symptoms,  tachycardia  is  almost  constant,  and 
is  the  first  to  appear.  One  or  both  of  the  other  symptoms  uuiy  be 
al)sent  for  a  long  time.  According  to  Gowers,  exophtliahnos  is  absent 
in  about  one-tenth  of  the  eases  and  the  goitre  in  about  one-twelfth. 
The  heart's  action  always  reaches  100  per  minute,  iind  hiis  been  fre- 
quently noted  at  200. 

The  goitre  may  l)e  unilatci-al  of  liil;i1cr;il  ;  Iml    if  liil;it<'i-;il  il   is  ^Gen- 
erally more  marked  on  one  side  th; n  the  other,  iind  (Muniiienees  on 

that  side.  The  exophthalmos  iiuiy  likewise  he  unilateral  or  bilateral, 
but  is  generally  bilatei-ai.  It  usually  corresponds  in  si/.e  to  that  of  the 
goitre,  but  several  cases  have  been  reported  in  which  the  goitre  was 
on  one  side  and  the  exophthalmos  on  the  oj^posite  side.     All  degrees 
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of  exophthalmos  are  found,  and  very  rarely  actual  dislocation  of  the 
eyeball  has  occurred.  Many  patients  complain  of  an  intolerable  sen- 
sation of  heat,  which  may  lead  them  to  cast  aside  their  clothing  and 
enables  them  to  withstand  low  degrees  of  external  temperature.  The 
disease  is  one  of  early  adult  life,  and  principally  affects  females.  Hig- 
gins  places  the  percentage  of  cases  occurring  in  women  at  95  or  97 
per  cent.  This  is  probably  too  high.  Butler  states  the  ratio  to  be 
3  to  1.    The  same  author  calls  attention  to  a  family  tendency. 

The  special  eye  symptoms  of  exophthalmic  goitre  are  important  and 
interesting.  Three  phenomena  affecting  the  lids  are  classic,  and  should 
be  carefully  sought  for,  although  they  are  not  always  to  be  found. 

Von  Graefe's  sign  consists  of  a  want  of  a  proper  co-ordination  be- 
tween the  upper  lid  and  the  eyeball,  when  the  latter  is  rotated  down- 
ward. Normally,  in  this  action  of  the  eyeball  the  upper  lid  follows 
proportionately,  the  amount  of  cornea  covered  by  the  lid  remaining 
the  same.  In  Graves's  disease  the  lid  does  not  so  follow;  the  cornea 
passes  from  under  the  lid,  and  a  line  of  sclerotic  becomes  visible  above. 
Lewin  has  observed  this  phenomenon  in  55.5  per  cent,  of  the  cases  of 
Graves's  disease,  Hill  Griffith  in  13.2,  Piissler  in  17.6,  and  West  in  14 
per  cent,  of  the  eases.  Fitzgerald  has  noted  4  cases  of  Graves's  dis- 
ease with  one-sided  exophthalmos,  and  von  Graefe's  sign  correspond- 
ing to  that  side.  Hack  has  seen  1  case  of  unilateral  exophthalmos  with 
von  Graefe's  sign  in  which  the  latter  disappeared  with  the  former. 

Wilbrand  and  Saenger  have  collected  39  cases  of  Graves's  disease 
classified  as  follows :  Exophthalmos  in  37  cases — double  in  33  and 
one-sided  in  4.  Of  the  cases  of  bilateral  exophthalmos,  vou  Graefe's  sign 
and  Stellwag's  sign  were  found  in  5.  Von  Graefe's  sign  was  positive 
and  Stellwag's  sign  was  questionable  in  14,  and  both  "signs"  were  ques- 
tionable in  4.  In  all  4  cases  of  unilateral  exophthalmos  both  "signs" 
were  found  affecting  the  proptosed  eye.  In  6  cases  exophthalmos 
and  both  "signs"  were  not  to  be  found.  Von  Graefe's  sign  and  Stell- 
wag's sign  without  exophthalmos  were  found  in  1  case,  and  in  2  cases 
Stellwag's  sign  alone  was  found.  Sharkey,  in  613  cases,  found  von 
Graefe's  sign  in  601. 

Several  theories  have  been  advanced  for  the  explanation  of  this  lid 
phenomenon.  Von  Graefe  believed  it  to  be  due  to  stimulation  of  the 
sympathetic  nerves  whereby  the  fibres  of  Miiller's  palpebral  muscle 
were  contracted,  thus  holding  the  lid  back.  Dilation  of  the  pupils, 
which  should  follow  stimulation  of  the  cervical  sympathetic,  is  not, 
however,  an  accompanying  symptom. 

Sattler's  explanation  is  a  disturbance  of  the  reflex  and  co-ordina- 
tion centres  (association  centres).    Against  this  theory  has  been  urged 
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an  insufficient  knowledge  of  these  centres  to  warrant  its  acceptance. 
Also  that  long-continued  disturbance  of  these  centres  should  produce 
lasting  results,  wliieh  is  not  the  case.  Contraction  of  the  levator 
palpebraB  muscle  brought  on  by  increased  blood-supply  is  the  theory 
of  Ferri ;  and  an  insufficiency  of  tlie  orbicularis  is  that  of  Sharkey. 

IMobius  and  Bruns  hold  that  in  Graves's  disease  there  is  an  increased 
activity  or  power  of  the  eye-musculature — an  hypertonus  of  the  leva- 
tor muscle.  Mobius  believes  that  the  primary  phenomenon  is  Stell- 
wag's  sign,  and  that  this  is  followed  by  von  Graefe's  symptom. 

Last  must  be  mentioned  the  mechanical  theory  of  Wilbrand  and 
Saenger,  which  seeks  to  explain  the  phenomenon  by  a  retrograde  or 
reversed  action  of  those  muscle-fibres  connecting  the  levator  palpebrae 
and  the  superior  rectus  muscles,  which  also  have  connection  with  the 
fornix  of  the  conjunctiva.  Normally,  when  the  eyeball  is  rotated  down- 
ward, traction  made  upon  the  fornix  is  transmitted  through  the  above- 
mentioned  fibres  to  the  superior  rectus  and  levator  muscles,  and  tlie 
lid  is  able  to  follow  the  eyeball.  Under  certain  circumstances,  notably 
those  found  in  certain  cases  of  exophthalmic  goitre,  this  relationship 
is  disturbed,  and  the  upper  lid  is  mechanically  not  in  condition  to  foL 
low  the  eyeball. 

Stellwag's  sign  consists  of  diminished  fre(iuency  of,  and  imperfect, 
Avinking.  A  rapid  succession  of  imperfect  winks  may  be  followed  by 
a  long  pause  without  winking.  The  winking  is  imperfect  in  that  the 
lids  do  not  meet.  The  insufficiency  is  in  part  due  to  lessened  reflex 
irritability  of  the  cornea  and  retina.  Sattler  considers  the  lesion  one 
of  the  reflex  centres  governing  the  retina,  the  cornea,  and  the  con- 
junctiva. Swanzy  thinks  the  imperfect  winking  is  probably  due  to 
insufficiency  of  the  orbicularis  rather  than  to  overaction  of  the  levator. 

Infrequent  nictitation  may  be  found  in  hystero-epilepsy.  It  was 
also  noted  by  vSavage  in  a  twenty-five-year-old  woman  who  was  other- 
wise healthy.  He  could  examine  the  fundus  with  tlir  (»|)li1lialiiioscoi)e 
for  half  an  hour  without  the  patient  winking. 

On  account  of  the  imperfect  closing  of  the  lids,  the  lower  portion 
of  the  cornea  may  suffer  ulceration  or  pannus  formation. 

Dalrymple's  sign. — This  is  a  retraction  of  the  upper  lid.  with  con- 
sequent widening  of  the  palpebi-al  fissure.  It  gives  to  the  patient  the 
charaeteristie  stare  and  look  of  apprehension.  Othei-  conditions  pro- 
ducing a  similar  widening  of  Hie  pali)ebral  lissuiv  ai-e  orbital  tiniior 
(mechanieally),  stimulation  of  the  cci-vieal  synipathetic.  coeain 
(probably  by  action  on  the  sympathetic),  hysteria  (occurring  in  wom- 
en after  childbirth),  tetanus  (spasm  of  the  ocr-ipito- frontalis  muscle), 
and  complete  amaurosis. 
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Joffroy  has  noticed  that,  when  the  patient  with  Graves's  disease 
holds  the  head  down  and  attempts  to  look  up  without  raising  the  head, 
the  forehead  remains  smooth.  Normally  under  such  circumstances  it 
should  wrinkle.  Mobius  noted  a  deficiency  in,  or  it  m.ay  be  a  complete 
loss  of,  convergence  power. 

Harold  Gifford  in  1906  called  attention  to  great  difficulty  in  evert- 
ing the  upper  lid,  due  to  retraction  and  rigidity.  This  he  had  observed 
as  an  early  but  not  constant  phenomenon.  Periodic  edema  of  the  eye- 
lids has  been  noted  in  a  number  of  cases,  and  in  one  case  three  years 
before  the  disease  declared  itself  (Wilbrand  and  Saenger).  Discolora- 
tion of  the  skin,  similar  to  that  found  in  Addison's  disease,  has  been 
noticed  in  a  few  cases  (Story). 

Falling  of  the  eyelashes  and  eyebrows  occasionally  occurs  in  the 
beginning  or  in  the  course  of  the  disease.  Sattler  attributes  it  to  trophic 
disturbance. 

Conjunctivitis  and  lachrymation  are  common  in  cases  with  marked 
exophthalmos.  The  conjunctivitis  is  probably  due  to  diminished  sensi- 
bility of  the  conjunctiva  and  imperfect  nictitation.  The  lachrymation 
and  epiphora  are  thought  by  Berger  to  be  due  to  stimulation  of  the 
sympathetic  nerve,  causing  increased  secretion  from  the  lachrymal 
gland.  Schmidt-Rimpler,  on  the  other  hand,  considers  these  symptoms 
to  be  the  result  of  mechanical  irritation  of  the  conjunctiva,  which,  on 
account  of  the  proptosis  and  widened  palpebral  fissure,  is  more  ex- 
posed than  is  normally  the  case.  Another  element  in  the  causation 
is  displacement  of  the  puncta  lacrimalia.  The  cornea  suffers  keratitis 
e  lagophthalmo ;  opacities  jnay  appear  on  the  lower  portion,  followed 
possibly  by  ulceration,  or  the  unprotected  portion  of  the  cornea  may 
become  covered  wdth  pannus.  One  or  both  eyes  may  be  destroyed. 
Mooren  and  Spalding  have  recorded  cases  in  which  enucleation  was 
necessary  on  account  of  purulent  choroiditis. 

The  exophthalmos  is  probably  due  to  increase  of  the  retrobulbar 
orbital  contents.  That  there  is  a  temporary  increase  in  the  amount  of 
orbital  fat  has  been  clearly  demonstrated ;  also  there  is  an  increased 
amount  of  blood  in  the  or])ital  vessels. 

In  accordance  Avith  the  theory  of  sympathetic  irritation,  contraction 
of  Miiller's  orlntal  muscle,  which  covers  the  spheno-maxillary  fissure, 
as  well  as  contraction  of  other  smooth  muscle-fibres  in  the  orbit,  has 
been  advanced  as  a  causative  factor  of  the  exophthalmos.  After  death 
the  exophthalmos  in  part  disappears,  which,  of  course,  favors  the  theory 
of  nuiscular  spasm  and  increased  lilood-supply.  Knies  states  that 
dilat('d  pupils  as  well  as  unequal  pupils,  with  retained  reflex  activity, 
are  freciuently  found.    This  he  attributes  to  sympathetic  irritation. 
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Contrary  to  what  might  be  expected,  fundus  changes  in  exophthal- 
mic goitre  are  generally  wanting,  or,  if  present,  are  neither  pronounced 
nor  characteristic.  In  some  cases  the  arteries  are  enlarged  from  vaso- 
motor paralysis.  They  may  equal  the  veins  in  calibre.  Spontaneous 
arterial  pulsation  was  found  by  Becker  six  times  in  seven  cases.  The 
veins  may  be  tortuous.  Very  rarely  optic  neuritis  and  optic-nerve 
atrophy  are  found. 

It  should  be  remembered  that  exophthalmic  goitre  occurs  often  coin- 
cidently  with  other  diseases  of  the  nervous  system,  or  constitutional  dis- 
eases, such  as  hysteria,  multiple  sclerosis,  bulbar  paralysis,  diabetes 
inellitus,  or  diabetes  insipidus.  Care  must  therefore  be  observed  not 
to  attribute  to  exophthalmic  goitre  changes  Avhich  might  be  due  to 
other  diseases. 

The  pathologij  of  exophthalmic  goitre  is  as  yet  not  known  with  cer- 
tainty. For  a  full  discussion  of  the  various  views  on  this  subject  works 
on  nervous  diseases  and  internal  medicine  must  be  consulted.  Suffice 
it  here  to  say  that  there  are  two  chief  theories,  each  of  which  is  warmly 
supported  by  many  competent  observers.  The  one  liolds  the  disease 
to  be  primarily  of  the  cervical  sympathetic.  Gordon  says  that  the 
theory  based  on  the  influence  of  the  sympathetic  nerves  covers  all  cases 
without  exception.  The  other  theory  is  Iiased  on  an  increased  thyroid 
secretion  (hyperthyroidization)  as  well  as  a  j^i'i-version  of  tlie  secre- 
tion. This  is  held  to  be  the  primary  cause,  the  other  changes  being 
produced  secondarily.     The  latter  theory  is  probably  correct. 

In  cases  of  pure  Graves's  disease  prognosis  may  l)e  said  to  ])e  good. 
As  mentioned  above,  howevei',  there  is  a  great  tendency  for  Ci raves 's 
disease  to  occur  coincidently  with  otlicr  diseases  in  wliicli  the  pi-ognosis 
is  not  so  favorable.  Occurring  in  liiulily  nervous  and  dehilitated  indi- 
viduals, the  prognosis  is  not  so  favorable  as  when  occurring  in  indi- 
viduals who  have  previously  enjoyed  robust  health,  and  are  not  mem- 
l)ers  of  that  large  class  of  neui-olics.  Williams,  of  .Manchestei-.  in  a 
study  of  24  cases  found  6  to  be  fatal,  complde  i-(vovei'\  in  7.  improve- 
ment in  7,  the  condition  unchanged  iu  'A.  and  1  case  in  whi.h  the  |)atient 
was  following  his  occui)ation.  hut  the  exact  condition  was  unknown. 
The  cases  not  dead  or  recovered  wei-e  observed  for  a  pefiod  of  live  years. 

Treatment. — Another  portion  of  this  and  otiier  sections  should  he 
consulted  for  the  general  treatment  of  exophthalmic  goitre.  At  the 
present  time  surgical  measuj-es  for  the  relief  of  this  affection  are  being 
actively  discussed  and  tried.  Sn<-h  are  simple  exposure  of  the  thyroid 
gland  (exotliyro|)exy),  res<'ction  of  the  cervical  sympathetic  ganglia, 
ligation  of  three  of  the  thyroid  arteries,  and  i)artial  extirpation  of  the 
gland.     The  ocular  conii)lications  must   he  met   as  they  arise.     If  the 
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protrusion  of  the  eyeball  is  suffieieiit  to  threaten  the  cornea  from  ex- 
posure, the  palpebral  lissure  may  be  reduced  in  length  by  tarsorrhaphy. 
If  more  radical  measures  are  necessary,  the  edges  of  the  lids  may  he 
denuded  and  the  two  united  by  stitches  in  their  entire  extent,  thus 
obliterating  the  palpebral  fissure.  The  fissure  may  at  the  proper  time 
be  re-formed.  Protection  of  the  cornea  is  the  important  point  to  be 
kept  constantly  in  mind. —  (J.  M.  B.) 

In  addition  to  the  usual  signs  and  symptoms  of  the  disease  Rosen- 
bach's  sign  must  not  be  forgotten.  It  consists  of  the  trembling  of  the 
upper  lid  when  the  eyes  are  gently  closed.  It  disappears  when  the 
ej'es  are  opened  and  does  not  occur  when  the  patient  is  actually  asleep. 
Like  many  other  signs  in  exophthalmic  goitre  it  is  sometimes  absent 
and  may  appear  in  healthy  subjects. 

Jackson  and  Mead  {Practical  Medicine  Series,  1909)  have  found  that 
next  to  the  thyroid,  heart  and  circulation,  the  eyes  are  of  chief  interest 
in  exophthalmic  goitre,  and  in  a  series  of  85  cases  the  eyes  were  nega- 
tive or  unnoted  in  8.  In  20  cases  the  four  cardinal  signs,  exophthal- 
mos, von  Graefe's  lid  sign,  Stellwag's  and  Moehius'  weak  convergence 
were  all  present.  Exophthalmos,  von  Graefe's  and  Moebius'  in  8. 
Exophthalmos  and  von  Graefe's  in  8.  Exophthalmos  and  Stellwag's 
in  10.  Exophthalmos  and  Moebius'  in  4.  Exophthalmos  alone  in  20. 
Reflex  winking  was  sometimes  lessened,  as  was  also  the  wrinkling  of 
the  forehead  in  looking  up,  but  neither  of  these  seem  important  symp- 
toms. 

Kocher  {Corresponclenshl.  f.  Schweizer  Aerzte,  No.  7,  1910)  adds 
to  the  previously  recognized  ocular  signs  of  early  Graves'  disease  the 
following :  If  the  patient  be  caused  to  fix  a  stationary  object,  retraction 
of  the  upper  lid  may  be  observed.  If  an  oliject  be  fixed  which  moves 
briskly  up  and  down,  a  convulsive  momentary  retraction  of  the  upper 
lid  may  occur.  Jocqs  {Ophthalmoscope  VIII,  p.  743,  1910)  refers  to 
a  case  in  which  an  early  diagnosis  of  Basedow's  disease  was  made  on 
the  basis  of  a  unilateral  exophthalmos. 

In  the  case  reported  by  Polack  {Practical  Medicine  Series,  p.  53, 
1910)  a  woman  forty-two  years  of  age,  had,  without  other  ocular  dis- 
turbance, the  left  upper  lid  retracted  so  much  as  to  enlarge  notably 
the  palpebral  fissure.  The  condition  had  existed  for  two  months.  Both 
the  Stellwag  and  Graefe  signs  were  present,  the  patient  had  been 
rapidly  gro^dng  thin  for  several  months,  and  the  pulse  was  frequent. 
The  author  thinks  it  probable  that  the  levator  spasm  was  a  symptom 
of  the  early  stage  of  exophthalmic  goitre. 

There  are  also  a  number  of  other  symptoms,  arising  from  anomalies 
of  nutrition,  of  the  intestinal  tract,  the  skin,  the  urogenital  apparatus, 
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the  nervous  system,  etc.  Landstrom  {Ophthalmology,  April,  1909) 
draws  attention  to  a  rigid  expression  of  the  eyes  (not  to  be  confounded 
with  Stellwag's  sign)  which  is  often  the  first  sign  of  the  disease,  as 
well  as  to  a  considerable  reduction  in  number  of  the  neutrophile, 
polynuclear  white  corpuscles — a  point  of  great  importance  in  the 
diagnosis  and  the  prognosis. 

As  to  the  nature  of  the  disease,  Landstrom  considers  the  thyroid 
theory,  advanced  by  Mobius  and  Kocher,  as  generally  acknowledged 
nowadays.  One  must  remember,  that  the  histologic  changes  of  Graves' 
disease  are  specific,  and  that  they  may  be  diffuse  or  circumscribed;  a 
small  enlargement  of  the  thyroid  may  give  highly  pronounced  symp- 
toms; a  great  enlargement  to  quite  slight  ones,  especially  when  a  colloid 
degeneration  prevails  over  the  specific  changes. 

As  to  the  etiology  Landstrom  points  out  the  frequency  of  infectious 
diseases,  especially  rheumatic  fever,  angina,  etc.  He  has  seen  several 
cases  following  angina  whose  course  was  a  very  acute  one  so  that  they 
were  mistaken  for  acute  endocarditis. 

As  to  the  pathogeny  of  the  exophthalmos  Landstrom  repudiates 
former  theories.  The  protrusion  is  due  to  contraction  of  a  muscle, 
newly  discovered  by  the  author.  This  muscle,  according  to  liim.  con- 
sists of  unstriped  fibers,  cylindrically  arranged,  passing  from  the  orbital 
septum  to  the  ring  of  connective  tissue  at  the  ocular  equator,  the 
medial  fibres  of  which  are  the  strongest.  Claude  Bernard's  classic 
experiment,  the  production  of  exophthalmos  and  widening  of  the  lid 
aperture  by  irritation  of  the  sympathetic  nerve,  shows  that  the  muscle 
in  (juestion  must  be  innervated  from  the  sympathetic  itself. 

L.  B.  Wilson  {American  Journal  of  the  Medical  Sciences,  December, 
1913)  has  made  a  detailed  pathologic  study  of  fixed  tissue  preparations 
from  1208  thyroids,  removed  from  patients  whose  condition  would 
ordinarily  have  been  diagnosed  as  exophthalmic  goiter,  showing  that 
79  per  cent,  of  the  thyroids  contained  large  areas  of  marked  hyper- 
trophy and  hyperplasia.  A  parallel  clinical  study  showed  that  for  a 
period  of  three  years  all  patients  with  true  exophthalmic  goiter,  and 
from  whom  gland  tissue  was  removed,  fall  into  this  list. 

In  the  series  of  1208  so-called  exophthalmic  goiters,  plus  585  so- 
called  simple  goiters,  or  a  total  of  1793  thyroids,  l)nt  four  instances  of 
marked  primary  hypertrophy  and  hyperplasia  of  \hr  parenchyma 
were  noted  which  did  not  show  clinical  symptoms  of  true  exophthal- 
mic goiter.    Three  of  the  four  patients  were  children. 

Twenty-one  per  cent,  of  the  1208  glands  studied  were  either  regen- 
erations or  adenomas.     C'liniejilly,  while  nil  of  these  were  markedly 
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toxic,  all  were  chronic  and  none  of  them  would  now  be  groni)ed  clin- 
ically as  true  exophthalmic  goiter. 

By  assuming  that  the  symptoms  of  true  exophthalmic  goitre  are  the 
results  of  an  excretion  from  the  thyroid,  and  by  attempting  to  de- 
termine the  amount  of  such  secretion  from  the  pathologic  data,  one  is 
able  to  estimate  in  a  large  series  of  cases  the  clinical  stage  of  the  dis- 
ease with  about  80  per  cent,  of  accuracy  and  the  clinical  severity  of 
the  disease  with  al^out  75  per  cent,  of  accuracy.  It  would,  therefore, 
appear  that  the  relation  of  primary  hypertrophy  and  hyperplasia  of 
the  parenchyma  of  the  thyroid  to  true  exophthahuic  goiter  is  as 
direct  and  constant  as  primary  intlannnation  of  the  kidney  is  to  the 
symptoms  of  true  Bright 's  disease. 

J.  M.  Blackford  and  A.  H.  Sanford  (Medical  Record,  August  30, 
1913)  found  that  from  a  study  of  the  effects  of  intravenous  injection 
of  extracts  of  human  exophthalmic  goiters  on  the  blood-pressure  in 
the  dog,  using  only  fresh  glands  having  a  parenchymatous  hypertrophy 
and  hyperplasia  of  cuboidal  to  columnar  epithelium,  and  with  little  or 
no  stainable  colloid  material  (low  iodine  content),  the  authors  con- 
clude that  a  powerful  depressor  substance  exists  in  these  goiters.  A 
primary  injection  establishes  tolerance  to  the  action  of  further  injec- 
tions. Atropine  does  not  inhibit  the  action  of  the  substance.  This 
substance  does  not  behave  physiologically  like  choline.  Its  action 
takes  place  chiefly  through  peripheral  vascular  dilatation  aided  by  some 
diminution  in  cardiac  output.  Irritability  of  the  vagus  is  not  de- 
creased. The  existence  of  a  crossed  tolerance  between  the  depressor 
action  of  extracts  of  exophthalmic  goiters  and  of  blood-serum  from 
patients  with  exophthalmic  goiter  suggests  that  the  substances  active 
in  these  two  products  are  the  same. 

P.  Sainton  and  P.  Gastaud  (Translation  from  the  Bidletin  medical 
in  the  Monthly  Cyclopedia,  Oct.,  1914)  have  met  with  3  instances  of 
diabetes  among  90  cases  of  exophthalmic  goiter,  and  after  an  extensive 
search  in  literature  have  found  altogether  60  cases  presenting  this 
combination  of  conditions.  They  estimate  the  frequency  of  diabetes 
in  exophthalmic  goiter  as  3  in  100  cases.  It  is  undoubtedly  a  fact  that 
diabetes  occurs  much  oftener  in  cases  of  hyperthyroidism  than  among 
patients  wdth  hypothyroidism,  in  which  it  is  quite  rare,  as  Parisot  has 
shown. 

Clinically,  diabetes  occuri'ing  in  the  course  of  Graves's  disease  is 
manifested  in  two  ways,  viz. :  (1)  as  a  temporary  or  slight  glycosuria, 
with  the  usual  s\'mptoms  of  dialx'tes  only  present  in  a  trifling  degree; 
(2)  as  a  w-ell-established  colidition,  with  all  the  characteristic  symp- 
toms present,  the  latter  fre(|uently  even  dominating  the  clinical  pic- 
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ture  as  a  whole.  In  the  first  igroup  of  cases  slight  thirst  or  a  slight  in- 
crease in  appetite,  or  a  feeling  of  weakness  is  at  times  responsible 
for  the  examination  of  the  urine  which  leads  to  the  discovery  of  the 
glycosuria.  The  amount  of  sugar  excreted  may  be  small,  e.g.,  3.4  to 
5  gm.  in  one  of  the  author's  cases,  with  a  total  daily  urinary  output 
of  1500  c.c.  In  the  second  class  of  cases,  on  the  other  hand,  the  diabetic 
disorder  is  unusually  severe,  8  to  14  liters  being  sometimes  excreted 
daily,  and  the  amount  of  sugar  eliminated  ranging  from  340  to  1000 
gm.  a  day,  or  even  attaining  higher  figures,  such  as  are  hardly  met  with 
in  any  cases  other  than  those  of  pituitary  diabetes.  Polyphagia, 
polydipsia,  and  other  symptoms  are  pronounced.  It  seems  to  be  a 
uniform  rule  that  in  severe  cases  of  Basedow 's  disease  severe  diabetes 
exists,  while  in  mild  Basedow  cases  slight  and  evanescent  glycosuria 
occurs.  In  most  cases  diabetes  appears  as  an  epiphenomenon  in  the 
course  of  exophthalmic  goiter,  and  a  long  time  after  its  onset.  Where 
both  conditions  have  become  established,  a  state  of  equilibrium  seems 
to  occur  between  them,  viz. :  when  the  Basedow  condition  becomes 
worse  the  diabetes  improves,  and  vice  versa.  The  prognosis  varies  in 
different  cases.  Mild  diabetes  in  Basedow  cases  runs  a  course  quite 
like  that  of  arthritic  diabetes,  presenting  the  same  intermissions  and 
low  degree  of  intensity.  In  severe  forms,  on  the  other  hand,  the  com- 
bination of  the  two  diseases  constitutes  a  condition  of  exceptional 
gravity.  In  the  series  of  cases  collected  by  Sattler.  25  patients  rapidly 
succumbed— 7  of  them  in  coma.  Sometimes,  as  in  one  of  the  author's 
own  observations,  pulmonary  tuberculosis  is  superaddinl.  further  aggra- 
vating the  prognosis  and  hastening  death. 

The  combination  of  diabetes  and  exophthalmic  goiter  nuiy  he  com- 
plicated by  other  syndromes,  as  in  the  eases  reported  by  Lancereaux, 
Henrot,  and  Murray,  in  which  acromegaly  was  added  to  form  a  triad 
of  conditions.  In  a  case  of  Rcniiic  the  tliir.l  coini)oncnt  of  the  triad 
was  myasthenia  gravis.  In  one  of  the  jiutlior's  own  e;ises  myopiithic 
and  osseous  disorders,  the  latl.T  of  the  type  of  Paget 's  dis.'wse.  ren- 
dered the  interpretation  of  the  symptoms  singuUirly  difficult.  In  dia- 
betic Basedow  cases  of  the  femah"  sex  signs  of  ovarian  insufliciency  are 
at  times  noted;  in  onc^  patient  the  menstrual  jx-riod  was  ch'arly  instru- 
mental in  causing  glycosuria  eitlier  to  reappear  or  to  Ix'come  more 

marked. 

What  is  the  mecluinism  of  tliis  dijilteto-r.asedow  syndroux" '.'     r,illi<»I 
ogy  as  yet  yields  only   ineomph-le  testimony   in   tliis  connection.      A 
systematic  study  of  the  ,hietles.s  ghinds  in  siidi  a   -•ase   has   nev.T  hrrn 
conducted.     Tlie  lesions  mentioned  as  having  heeii  found  liav  heen  as 
follows:     (Ij    In  several  cases  tlie  liver  showed  slight   fatty  elianges; 
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(2)  the  condition  of  the  pancreas  varies;  in  Murray's  case  it  showed 
marked  sclerosis  and  disappearance  of  the  islets  of  Langerhans,  while 
in  those  of  Sougues  and  Marinesco  and  of  Lepine  it  appeared  normal. 
In  the  observations  of  Henrot  and  IMnrray,  where  acromegaly  was 
superadded,  the  pituitary  was  enlarged;  in  the  others  its  condition 
was  not  noted. 

Of  other  glandular  theories  is  the  adrenal  theory.  Cases  in  point 
are  uncommon,  and  the  authors  know  of  but  one  instance  in  which  a 
patient  afflicted  with  both  exophthalmic  goiter  and  Addison's  disease 
showed  temporary  glycosuria  (personal  case).  Discussion  of  the  pos- 
sibility of  participation  of  the  adrenals  in  such  a  glycosuria  is  ren- 
dered necessary  by  the  fact  that  many  adherents  of  the  Vienna  school 
maintain  the  thyroidoadrenal  origin  of  exophthalmic  goitre.  This 
theory  is  based  on  the  relations  supposed  to  exist  between  the  thyroid, 
pancreas,  and  chromaffin  system.  In  hyperthyroidism  there  would  oc- 
cur inhibition  of  the  pancreas  and  stimulation  of  the  adrenal  function. 
The  theory  offers  a  plausible  explanation  of  the  clinical  association  in 
question,  it  being  merely  necessary  to  conceive  that,  by  reason  of  the 
pancreatic  and  thyroidoadrenal  antagonism,  the  disturbance  of  pan- 
creatic function  might  extend  to  complete  suppression  of  glycogenesis. 
This  theory  is  widely  discussed.  It  has  not  been  proved,  indeed,  that 
an  increase  of  adrenal  secretion  takes  place  in  Basedow's  disease; 
epinephrin  is  not  constantly  present  in  such  cases;  finally,  the  associa- 
tion of  hyperthyroidism  with  Addison's  disease  is  hardly  in  favor  of 
this  conception.  Basedow  cases,  moreover,  do  not  show  any  constant 
change  in  the  blood-pressure.  True,  Asher  has  noticed  that  in  certain 
subjects  with  thyrotoxicosis  the  injection  of  14  to  I/2  ^^^S-  of  epinephrin 
leads  to  glycosuria.  Further  investigation  is  required,  however,  to 
confirm  the  validity  of  this  test.  Thus,  on  the  whole,  it  is  difficult  to 
establish  the  responsibility  of  the  adrenals  in  the  production  of  dia- 
betes among  Basedow  cases. 

Such  is  not  the  case,  however,  when  one  looks  up  a  possible  role  of 
the  pituitary  in  this  direction.  The  reported  cases  of  coincident  exoph- 
thalmic goiter,  acromegaly,  and  diabetes  afford  firm  support  for  this 
theory.  Even  clinically,  there  is  a  marked  resemblance  between  the 
severe  Basedowian  diabetes  cases  and  cases  of  pituitary  diabetes. 
Pituitary  diabetes  may  show  itself  in  the  absence  of  acromegaly.  All 
authors  are  agreed  that  it  is  due  to  hyperpituitarism.  Claude  and  Bau- 
doin,  in  a  series  of  researches,  found  that  in  a  certain  proportion  of 
subjects, — arthritic  and  obese  cases, — after  mealtime  alone,  glycosuria 
appeared  after  the  injection  of  pituitary  extract.  Comparison  of  these 
eases  with  those  of  glycosuria  following  thyroid  treatment  in  obesity 
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is  of  interest  in  this  connectiou.  Clinically  and  experimentally,  there 
is  thus  a  considerable  analogy  between  Basedowian  diabetes  and  gly- 
cosuria, on  the  one  liand,  and  pituitary  diabetes  and  glycosuria,  on  the 
other. 

From  the  above  it  seems  justifiable  to  assume  that  in  diabetes  coupled 
with  exophthalmic  goitre  two  internally  secreting  glands  may  be  ten- 
tatively held  responsible,  viz.,  the  thyroid  and  the  pituitary.  Can  one 
conceive  that  these  two  influences  are  simultaneously  operative  in  the 
production  of  Basedowian  diabetes?  Such  a  combination  seems  not 
unlikely,  in  view  of  the  close  functional  synergism  existing  between 
the  two  organs  named.  As  for  the  more  precise  mechanism  of  the 
glycolytic  process  taking  place,  the  question  arises  whether  the  hypo- 
physis and  thyroid  cause,  through  insufficiency  in  their  functions, 
some  disturbance  in  virtue  of  which  the  sugar  is  no  longer  retained  in 
the  liver.  If  they  act  through  the  pancreas,  is  this  action  exerted 
through  the  intermediation  of  the  S3'mpathetic  system  or  through  a 
hormone  ?  These  are  further  problems  in  general  pathologic  physiology 
which  the  association  of  diabetes  with  exophthalmic  goitre  brings  up 
for  future  solution. 

Of  2,917  cases  of  exoplitlialmic  goitre  coming  to  operation  between 
Jan.  1,  1909,  and  Jan.  1,  1913,  and  analyzed  by  Plummer  (Abstract 
in  Journ.  Am.  Med.  Assocn.,  Dec.  20.  1918)  42.8  per  cent,  were  hyper- 
plastic and  57.2  per  cent,  were  non-hyperplastic.  Of  the  hyperphistic 
99.2  per  cent,  were  toxic  and  0.8  per  cent,  were  atoxic.  Of  the  non- 
hyperplastic  23.3  per  cent,  were  toxic  and  76.7  per  cent,  were  atoxic. 
Patients  coming  under  observation  with  non-hyperplastic  toxic  goitre 
gave  a  history  of  having  first  noted  the  goitre  at  the  average  age  of 
22  years,  and  the  evidence  of  intoxication  at  the  average  age  of  36.5 
years.  The  corresponding  ages  for  liyperpiastic  goitre  were  respect- 
ively 32  and  32.9  years. 

Tlii'onghout  tlie  series  the  number  of  eases  in  whicli  the  clinician 
failed  detinitely  to  note  and  attribute  constitutional  .synii)toms  to  the 
thyroid  and  which  were  later  diagnosed  by  the  path()h)gists  hyper- 
plastic thyroid,  varied  from  two  cases  in  1!M)9  to  four  cases  in  1912. 
The  pathologic  reports  failed  to  show  the  presence  of  hyperidasia  in 
tlie  eases  in  which  exophthalmos  was  notcil  l>y  the  clinirijin  six  times 
in  1909,  four  times  in  1910,  twice  in  IIUI,  and  not  in  a  single  instance 
in  1912.  As  to  whether  the  symi)tom-coinplex  ac<'ompaiiying  hyper- 
pla.stic  goitre  is  to  be  directly  attril>u1ed  to  distnched  thyroid  func- 
tion. Plummer  says  that  while  he  has  so  considered  it  in  his  i)aper  oidy 
as  a  matter  of  convenience  for  pointing  out  the  association  of  the 
clinical  and  pathologic  findings,  he  c;dls  iitteniion  to  a  point  in  support 
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of  this  theory  that,  so  far  as  he  knows,  lias  not  hitherto  been  made, 
namely,  that  an  individual,  aged  22  years,  with  an  adenoma  of  the 
thyroid,  has  a  ddiiiite  chance  of  developing  a  train  of  symptoms  during 
the  thirty-sixth  year  so  similar  to  the  symptom-complex  associated 
with  hyperplastic  thyroid,  that  the  best-trained  diagnosticians  are  con- 
stantly confusing  the  two  conditions.  He  does  not  believe  that  the 
symptom-complex  of  non-liyperplastic  toxic  goitre  can  be  associated 
with  any  definite  pathologic  change  in  the  thyroid. 

The  order  of  onset  of  the  most  important  symptoms  of  exophthalmic 
goitre  based  on  the  average  of  the  Mayo  series  was  as  follows:  (1) 
cerebral  stimulation;  (2)  vasomotor  disturbances  of  the  skin;  (3) 
tremor;  (4)  mental  irritability ;  (5)  tachycardia;  (6)  loss  of  strength ; 
(7)  cardiac  insufificiency ;  (8)  exophthalmos;  (9)  diarrhea;  (10)  vomit- 
ing; (11)  mental  depression;  (12)  jaundice,  and  (13)  death. 

Widal  and  Abrani  {Bee.  d'opht.,  p.  367,  August,  1908)  report  a  case 
of  simple  goitre  in  which  there  was  in  one  eye  evidence  of  excitation 
of  the  cervical  sympathetic,  enophthalmos,  enlargement  of  the  pal- 
pebral aperture,  and  marked  mydriasis.  Cantonnet  {Soc.  d'opht.  de 
Paris,  January  14,  1908)  reports  a  case  in  which  the  ocular  symptoms 
were  the  only  clinical  evidence  of  aortic  aneurism.  There  was  mydriasis 
of  the  left  eye,  the  palpebral  fissure  was  narrowed,  and  increased 
sweating  occurred  on  the  left  side  of  the  face. 

Owing  to  drying  of  the  corneal  surface  (through  infrequent  wink- 
ing and  widening  results  of  the  palpebral  fissure)  the  epithelium  is 
easily  removed;  infection  follows  and  with  sloughing  sufficient  to  de- 
stroy the  eye.  Sometimes,  in  these  cases,  vessels  develop  in  the  lower 
part  of  the  cornea.  Slight  anesthesia  of  the  cornea  is  often  present. 
In  severe  types  of  exophthalmic  goitre,  long-continued  exposure  of  the 
cornea  may  bring  about  a  condition  of  pannus. 

Nmi-operative  treatment. — S.  Solis  Cohen  {Am.  Journ.  Med.  Sci- 
ences, July,  1912)  says  of  this  subject,  "I  have  had  the  opportunity 
to  observe  a  number  of  patients  for  periods  varying  from  a  few 
months  to  twenty-five  years  after  apparent  recovery  under  non-sur- 
gical treatment.  In  but  one  instance  has  there  been  relapse,  and  in  no 
case  had  death  occurred  from  any  condition  with  which  Graves'  dis- 
order could  be  causatively  associated. 

"What  then  constitutes  'proper'  medical  treatment?  Rest  is  the 
most  important  factor.  The  therapeutic  utilization  of  various  prepa- 
rations of  animal  tissues,  and  especially  of  the  ductless  glands,  finds 
a  peculiarly  appropriate  field  in  Graves'  disorder. 

"On  the  whole,  thymus  gland  is  the  most  useful  of  the  ductless 
gland  preparations  in  the  largest  number  of  cases.    It  must  be  given  in 
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suftieient  (luaiitity— rrom  0.5  to  3  gramiiios  (8  to  45  grains)— daily  for 
inoiitlis  together. 

"1  still,  however,  find,  as  reported  to  the  Anierieaii  :Medieal  Assoeia- 
tion  fifteen  years  ago,  the  conjoint  or  alternate  use  of  adrenal  and 
thymus  preparations  even  better. 

"More  recently  I  have  been  making  observations  with  pituitary 
preparations.  One  of  the  earlier  patients  to  receive  pituitrin  injections 
was  a  woman  at  the  Philadelphia  General  Hospital,  who  had  been  in 
the  house  for  more  than  two  years  before  she  was  brought  to  my  per- 
sonal attention.  This  case  was  one  of  moderate  severity,  with  periods 
of  extreme  tachycardia,  and  the  exoplithalmos  Mas  of  such  a  degree 
that  about  one-fourth  of  the  eyel)all  was  left  uncovered  when  the  at- 
tempt was  made  to  close  the  lids.  Intranuiscular  injections  of  pituitrin 
at  first  in  small  (circa  5  tuinims)  and  afterward  in  rather  large  doses 
(20  to  30  minims)  were  given,  at  first  once  and  afterward  twice  daily. 
Improvement,  both  subjective  and  obje(;tive,  was  marked  and  rai)id. 
The  heart  had  become  (piiet,  the  goitre  was  scarcely  more  than  visible, 
and  the  eyelids  closed  almost  completely.  Sudi  i-ai)id  improvement  is 
not  the  rule.  The  effect  is  gradual,  but  progressive,  and  the  pituitrin 
needs  to  be  supplemented  by  thymus  or  othei-  appropriate  atljuvant." 

OPERATIVE    ME.VSURES 

A.  J.  Ochsuer  {Jour.  Opii.  and  Olo-Lunjng.,  February,  1912)  dis- 
cusses a  number  of  practical  points  on  this  subject  under  llu'  follow- 
ing heads: 

1.  Surgical  treatment  slioukl  be  tMiiployrd  in  cvci'X'  case  which  docs 
not  recover  permanently  upon  treatment  with  i-cst.  hygiene,  diet  and 
the  use  of  a  few  harmless  remedies,  and  ])ossibly  also  the  treatment 
with  serum,  provided,  first,  that  the  patient  is  not  siilfering  from  tem- 
porary exacerbation  of  the  hyperthyroidism,  and,  second,  that  the  con- 
dition has  not  existed  sufificiently  long  to  leave  the  circulation  and  the 
nervous  system  of  the  patient  in  an  absolutely  hopeless  condition. 

2.  It  may  be  that  one  entire  lobe  and  a  part  of  the  other  must  be 
removed  in  order  to  cure  a  patient.  i)Ul  the  hitter's  condition  may 
make  it  wise  to  remove  only  one  hil)e  or  |)()ssibly  to  ligate  one  or  two 
vessels,  and  later  to  add  the  reinaining  li-eatnieiit.  as  the  juitienl's 
condition  may  indicate. 

3.  There  is  practi(;ally  always  a  sulTficient  amount  of  serum  seci-eled 
to  indicate  the  use  of  good  drainage. 

4.  It  is  extremely  important  to  giuird  against  violence  in  connec- 
tion with  the  operative  manipulations. 

5.  One-fourth  of  a  grain  of  morphine  atid  one  one  hundredth  of  a 
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grain  of  atropine  is  administered  liypodermically  half  an  hour  before 
the  operation  is  begun,  and  the  patient  is  then  thoroughly  anesthetized 
with  ether  by  the  drop  method,  and  the  head  of  the  table  is  elevated 
so  that  the  body  lies  at  an  angle  of  45°.  The  operation  can  be  com- 
pleted without  the  further  administration  of  ether.  This  makes  the 
use  of  ether  perfectly  safe,  and  the  patient 's  pulse  regularly  improves 
during  the  operation.  The  jaw  must,  however,  be  held  forward  by  a 
reliable  assistant  during  the  entire  operation  in  order  not  to  permit 
the  tongue  to  obstruct  respiration  by  falling  into  the  larynx. 

6.  The  necessity  of  avoiding  injury  to  the  recurrent  laryngeal  nerve, 
to  the  parathyroid  glands  and  the  trachea  is  fully  established. 

7.  Hot  water  should  be  taken  by  the  mouth,  or  normal  salt  solution 
given  as  an  enema  by  the  continuous  drop  method. 

8.  Give  patients  definite  instructions  to  avoid  overwork,  excitement, 
alcohol,  tobacco,  tea  and  coifee,  late  hours,  social  and  business  worries, 
absolutely  and  permanently,  after  recovering  from  the  operation,  and 
to  select  a  diet  largely  composed  of  milk,  cooked  vegetables  and  fruit. 

9.  The  tremor,  the  muscular  weakness,  the  nervous  excitability,  some 
tachycardia  and  many  of  the  minor  symptoms  are  often  present  in 
young  people.  There  may  even  be  present  a  very  slight  degree  of 
exophthalmus,  and  still  these  patients  will  almost  invariably  recover 
without  operation  with  physical,  mental  and  emotional  rest,  a  diet 
composed  largely  of  milk,  cooked  vegetables  and  fruit,  favorable 
hygienic  surroundings  and  absence  of  conditions  which  might  cause 
nervous  excitement. 

As  indicated  under  the  heading  Basedow's  disease  the  indications 
for  and  the  steps  in  the  various  operations  for  the  relief  and  cure  of 
exophthalmic  goiter  M'ill  be  given  here. 

Much  of  the  text  and  some  of  the  illustrations  have  been  taken — 
after  revision  by  the  writer — from  Wood's  System  of  Ophthalmic 
Operations. 

The  following  observations  are  made  for  the  purpose  of  giving  the 
history  of  and  developing  the  arguments  for  operative  interference  in 
this  disease  based  on  its  pathologj^ : 

As  first  shown  by  Mobius,  the  essential  cause  of  the  disease  known 
as  exophthalmic  goitre  is  a  hypersecretion  of  the  thyroid  gland.  The 
many  symptoms  presented  are  undoubtedly  due  to  a  toxemia.  This 
condition  is  not  generally  termed  hyperthyroidism.  It  is  not  unlikely, 
therefore,  that  definite  and  constant  pathological  changes  are  to  be 
found  in  the  thyroid  gland.  In  nearly  all  the  type  of  goitre  corresponds 
to  a  hypertrophy  of  gland  tissue,  either  circumscribed  or  diffuse. 
The  gland  may  not  be  greatly  enlarged.     INIicroscopically,  the  alveoli 
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are  not  found  increased  in  size,  but  there  is  present  a  hyperplasia  of 
the  epithelial  lining,  either  as  one  layer  or  in  reduplication  of  layers 
of  epithelial  cells.  There  may  also  be  found  an  infolding  of  the 
alveolar  wall  with  the  formation  of  papillae  in  the  alveoli.  In  some 
cases  in  place  of  a  hypertrophy  an  actual  hyperplasia  of  gland  tissue, 
with  a  numerical  increase  of  the  follicles,  exists.  This  increase  in  the 
number  of  follicles  is  associated  with  hyperplasia  of  the  lining  epitlie- 
lium  of  the  alveoli.  Degenerative  changes  with  desquamation  of 
alveolar  epithelium  are  to  be  seen  in  more  chronic  cases.  Degenera- 
tion of  active  functionating  cells  may  with  blocking  of  the  lymphatics 
bring  about  a,  cessation  of  the  symptoms  due  to  liypersecretion  of  the 
gland.  In  this  w^ay  a  spontaneous  cure  takes  place,  providing  the 
patient  lives  long  enough. 

Most  observers  are  agreed  upon  the  following  gross  characteristics 
of  the  thyroid  gland  in  true  exophthalmic  goitre: 

1.  Generally  diffuse  enlargement  of  the  gland,  with  a  firm  elastic 
consistency,  the  firm  consistency  being  due  to  the  lumen  of  the  follicles 
being  relatively  free  from  colloid  and  filled  with  epithelial  cells. 

2.  Expansile  pulsation  due  to  increased  vascularity  often  ap])roach- 
ing  the  type  recognized  as  the  struma  vasculosa.  This  is  due  to  an 
increase  in  the  size  and  number  of  the  vessels,  both  arteries  and  veins, 
of  the  gland.  Albert  Kocher  {Mitt.  a.  d.  Grcnzgb.  d.  Med.  u.  Chir., 
Bd.  II,  Heft,  I,  pp.  1-304)  is  authority  for  the  statement  that  in  their 
clinic  all  cases  of  exophthalmic  goitre  examined  presented  indubitable 
evidence  of  an  increased  vascularity  both  of  tlie  capsule  ;ind  sub- 
stance of  the  gland. 

Although  the  pathogenic  changes  just  described,  and  which  cor- 
respond closely  in  most  respects  with  those  found  in  siiiii)le  ditfiise 
hypertrophic  goitre,  are  considered  by  von  Eiselsl)erg  (Deutsche 
Chirurgie,  1891,  Lieferung  38)  and  others  as  constant  iiiid  pathog- 
nomonic of  exophthalmic  goitre,  yet  any  anatomical  form  of  goitre 
may  be  associated  with  symptoms  of  liyperthyroidism,  viz..  tarliy- 
cardia,  tremor,  etc.  The  cases  are  best  termed  secondary  exoplilliabiiic 
goitre  or  simply  as  hyperthyroidism. 

In  other  organs,  changes  of  a  secondary  dia racier  are  found.  Fre- 
quently the  heart  is  dilateil;  tlieiv  may  he  liyperll-opliy  <tf  llie  left 
ventricle;  in  nuiny,  fatty  degeneration  of  the  iiiusch'  and  myocarditis 
are  present.  A  constant  finding  is  tiie  widespread  ciianges  in  the 
voluntary  muscles  throughout  the  Iiody.  In  old  cases,  intramuscular 
lipomatosis  and  degeneration  of  tlie  muscle  cells  is  a  nrai-iy  constant 
finding. 

The    degeneration    which    tak.'S    place    in    the    muscles    throughout 
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the  body,  and  which  is  probably  tlie  direct  result  of  the  action  of  a 
toxic  substance  upon  them,  explains  practically  all  the  symptoms  of 
the  disease.  To  these  changes  we  can  trace  the  origin  of  the  tremor, 
the  general  enuiciation,  and  the  loss  of  converging  power.  A  weak- 
ening of  the  pharyngeal  and  tongue  muscles  from  the  same  cause  will 
give  the  so-called  bulbar  symptoms  which  were  formerly  regarded  as 
evidence  of  disease  of  the  medulla.  The  •  phenomenon  of  Bryson — 
loss  of  inspiratory  expansion  of  the  muscles  of  the  thorax — depends 
upon  a  degeneration  of  the  muscles  of  inspiration;  namely,  the 
thoracic  muscles  and  the  diaphragm.  Lastly,  the  exophthalmos  may 
be  explained  by  the  weakening  of  the  ocular  muscles,  that  permits  of 
over-distension  of  the  vessels  of  the  eye  and  causes  the  bulging  for- 
ward of  the  organ.  This  over-distension  is  the  direct  result  of  the 
loss  of  support  furnished  by  the  muscles  that  normally  control  the  eye 
and  retain  it  in  place.  Frecpiently  enlargement  of  the  lymphatic 
glands  is  found  throughout  the  body.  This  is  often  associated  with 
a  persistent  thymus  gland  giving  the  anatomical  findings  that  have 
been  termed  the  status  thymicus,  or  status  lymphaticus.  In  the 
absence  of  any  other  known  cause,  it  would  seem  reasonable  to  suggest 
a  possible  relation  between  a  diseased  condition  of  the  thyroid  gland 
and  this  lymphatic  hypertrophy. 

The  surgical  history  of  exophthalmic  goitre  dates  from  the  pub- 
lication of  Tillaux  {Bull,  de  I'Acad.  de  Med.  de  Paris,  April  27,  1880), 
in  1880.  In  1884  Rhen  {Berliner  Klin.  Woch.,  XXI,  No.  11,  1884, 
pp.  163-166)  reported  four  cases  of  exophthalmic  goitre  cured  by 
partial  thyroidectomy.  Both  operators  resorted  to  surgical  measures 
because  of  the  local  condition,  size  and  character  of  the  goitre,  which 
called  for  removal  of  the  tumor,  and  not  with  the  idea  of  curing  the 
disease.  In  both  the  cessation  of  the  active  symptoms  of  the  disease 
was  unlooked  for. 

Others  during  this  decade  (1880-1890)  operated  with  success, 
although  the  exact  way  by  which  a  cure  was  brought  about  was  not 
understood.  Of  those  who  were  among  the  first  to  develop  and 
improve  operative  technic  may  be  mentioned  Kronlein,  Kocher,  Riedel, 
Mikulicz  and  Lemke.  Heydenreich,  in  1895,  published  61  cases,  of 
which  51  recovered  or  were  greatly  improved,  4  died,  and  6  were  not 
benefited. 

After  the  publication  of  the  excellent  monograph  of  Mobius,  in  1895, 
in  which  a  definite  pathology  was  established,  the  operative  treatment 
was  generally  accepted  as  providing  the  most  certain  method  of  dimin- 
ishing the  pathologic  secretion  of  the  gland  by  removal  of  a  part  of 
the  diseased  organ. 
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Indications  for  operative  treatment  of  exophHialmic  goitre. — lu  my 
opinion,  the  favorable  results  obtained  by  the  operative  removal  ol"  a 
portion  of  the  thyroid  gland,  whenever  symptoms  of  hyperthyroidism 
exist,  should  lead  us  to  adopt  this  method  of  treatment  in  all  cases 
where  the  symptoms  are  not  readily  controlled  by  the  usual  non-surgieal 
remedial  agents. 

Of  the  special  indications  which  may  be  considered  as  positive 
for  operative  treatment  of  this  disease,  1  may  mention:  1.  When 
the  degree  of  exophthalmos  is  such  that  destruction  of  the  eye  from 
ulceration  and  infection  is  imminent.  In  long-standing  cases  the 
usual  operative  procedure,  partial  thyroidectomy,  may  not  imme- 
diately bring  about  the  desired  result.  It  is  in  this  class  of  cases  that, 
the  operation  of  total  excision  of  the  cervical  sympathetic  has  been 
extolled,  particularly  by  Jonnesco  and  Jaboulay.  After  partial  thy- 
roidectomy in  the  more  acute  cases,  the  recession  of  the  eye  may  be 
immediate.  1  have  seen  a  marked  decrease  in  the  degree  of  exoph- 
thalmos occur  during  the  first  few  hours  after  the  operation.  Accept- 
ing the  reports  of  the  cases  treated  by  total  cervical  sympathectomy, 
it  would  appear  that  improvement  in  the  exophthalmos  occurs  with 
more  certainty  and  even  earlier  than  after  operative  procedures  on 
the  thyroid  gland. 

2.  A  second  positive  indication  for  operative  treatment  is  where 
the  goitre  is  large  and  the  pressure  symptoms  are  urgent.  In  these 
eases  no  delay  should  be  tolerated  if  the  general  condition  of  the 
patient  warrants  an  operation.  If  the  patient's  condition  does  not 
warrant  removal  of  a  portion  of  the  gland,  relief  from  the  most 
urgent  manifestations  of  pressure  may  be  had  in  selected  cases  by 
division  of  the  isthmus  of  the  gland,  evacuation  of  cysts  or  by 
tracheotomy,  if  the  anatomical  relations  of  the  organs  permit. 

A  small-sized  goitre  need  iiol  influence  against  an  operation.  Fre- 
(luently,  with  comparatively  small  glands,  the  effects  of  excessive 
secretion  with  resulting  toxemia  are  most  pronounced. 

A  contraindication  to  operative  treatment  is  excessively  hi^li 
pulse  rate,  particularly  if  it  is  irregular  or  weak  and  thready  in  ehar- 
acter.  Generally  an  operation  under  a  general  anesthetic  is  contra- 
indicated  if  the  pulse  rate  reaches  180.  When  in  selected  cases  the 
less  dangerous  operation  of  ligation  of  the  superior  tliyroid  vessels 
is  chosen,  this  high  pnlse  r;i1e  may  constitute  only  a  relative  eontra- 
indication. 

Edema,  if  general,  exhausting  diarrhea  and  ascites  and  prolonged 
vomiting  constitute  po.sitive  contraindications  to  any  operative  treat- 
ment until  by  rest  and  judicious  medicjil  tiv.-itmcnt  the  patient's  gen- 
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era!  condition  is  improved  to  a  point  when  operative  measures  may 
be  considered.  In  general,  a  dilatation  of  the  heart,  sufficient  to  be 
recognized  by  physical  signs,  constitutes  a  contraindication  to  opera- 


Parathyroid  Glands  in  their  Normal  Eelations  to  the  Thyroid  Gland.      (After 
Ochsner.) 


tive   treatment,   excepting  when   the   operation   is  done   under  local 
anesthesia. 

It  may  be  stated,  in  general  terms,  that  in  the  most  severe  forms 
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of  exophthalmic  goitre,  when  the  pulse  rate  is  extremely  high,  with 
wide  variations  in  volume  and  rhythm,  and  where  there  are  other 
evidences  of  a  high  grade  of  toxic  myocarditis,  or  where  psychic  dis- 
turbances are  manifested,  no  operation  should  be  considered. 

As  a  preparation  for  operation  in  severe  cases,  these  patients  should 
be  placed  at  rest  in  bed  and  receive  such  medical  treatment  as  their 
peculiar  symptoms  demand. 

Frequently,  as  a  result  of  rest  and  quiet  alone,  great  improve- 
ment may  be  noted.  If  this  desired  result  is  attained,  an  operatioi: 
when  the  patient's  condition  is  most  favorable  may  be  considered. 
If,  on  the  other  hand,  the  symptoms  do  not  improve,  or  become  worse, 
an  operation  should  never  be  considered  as  a  last  resort.  In  this  class 
of  cases  a  fatal  outcome  is  to  be  expected  and  to  operate  under  these 
conditions  results  only  in  discredit  to  the  art  of  surger^^ 

The  operative  procedures  employed  in  the  treatment  of  exoph- 
thalmic goitre  may  be  classified  as  follows : 

1.  Operations  on  the  gland  itself,  (a)  Partial  excision,  generally 
unilateral  thyroidectomy,  (b)  Enucleation  of  cysts,  cystic  tumors 
and  encapsulated  growths,  as  adenoma,  (c)  Incision  and  drainage  of 
cysts,     (d)   Exothyropexy. 

2.  Ligation  of  thj^roid  vessels. 

3.  Operations  on  the  cervical  sympathetic  nerves  and  ganglion, 
(a)  Section  of  sympathetic  cord,  either  unilateral,  as  practised  by 
Edmonds,  or  bilateral,  after  Jaboulay.  (b)  Partial  resection,  Jabou- 
lay,  Vignard  and  Quonu.  (c)  Total  bilateral  resection  by  wbich  the 
three  ganglia  on  each  side,  wi1h  their  connecting  cords,  are  eompletely 
removed,  Jaboulay. 

At  the  present  time  the  operation  usually  chosen  in  the  treatment 
of  exophthalmic  goitre  is  unilateral  or  partial  excision  of  tbe  gland. 
The  technic  is  practically  the  same  as  when  a  portion  of  the  gland 
is  removed  in  simple  goitre. 

1.  Position  of  the  patient:  The  patient  should  be  i)hi('c(l  npon  the 
operating  table  with  the  head  slightly  elevated  and  tbe  tnmor  brought 
into  ])roiiiincnce  by  placing  a  (bolster)  i)ill()\v  brtwccn  thr  slionhhTs 
and  underneath  the  neck. 

2.  Anesthetic:  Formerly  it  was  onr  pi'acticc  to  ()i>ci\itc  uiidi  r 
Schleich's  method  of  local  anesthesia,  employing  a  1:1000  solntion  of 
cocaine  for  infiltration  of  the  skin  and  subcutaneous  tissnc  Dnring 
the  last  two  years  this  metiiod  has  been  abandoned  imd  rthn-  anes- 
thesia by  the  drop  method  from  an  open  mask  has  lu'cii  used  exclu- 
sively. Our  reason  for  substituting  ether  anesthesia  for  hx-al  is  that 
we  believe  that  the  psychic  shock  where  the  patient  is  not   iviidered 
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unconscious  is  generally  more  dangerous  than  is  the  effect  of  a  gen- 
eral anesthetic.  It  is  also  true  that  tlie  operator  is  not  capable  of 
doing  his  work  as  expeditiously  and  as  dextrously  when  operating 
with  the  patient  conscious. 


Kocher  's  Transverse  or  Collar  Incision  in  Strumectomy. 


We  believe  that  chloroform  is  in  every  case  contraindicated  by 
reason  of  the  toxic  myocarditis  that  is  an  essential  and  constant  fea- 
ture of  the  disease. 

Here,  as  in  brain  surgery,  the  success  or  failure  of  the  operation 
in  a  considerable  measure  depends  upon  the  skill  of  the  anesthetist. 
In  all  cases  he  prepares  himself  as  if  he  were  to  assist  in  the  opera- 
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tive   work   by  scrubbing  the   hands  and   donning  gloves,   gown,   cap 
and  mouth  gauze. 

3.  Preparation  of  the  field  of  operation :  This  is  generally  made 
after  the  patient  has  been  anesthetized.  Preliminary  preparation, 
as  carried  out  in  other  operations,  is  not  practised  in  exophthalmic 
goitre,  for  the  reason  that  any  psychic  stimulation  greatly  increases 
the  activity  of  the  gland,  thereby  increasing  the  toxemia,  thus 
enhancing  the  dangers  of  the  operation. 

We  believe  with  Crile  that  before  the  operation  anything  that 
would  tend  to  excite  the  patient  should  scrupulously  be  avoided.  For 
tins  reason  no  preparation  of  the  fi(>ld  is  made  until  after  the  anes- 
thesia is  complete. 

Kocher  warns  against  the  use  of  strong  antiseptic  solutions  even 
on  the  skin  of  a  patient  suffering  from  exophthalmic  goitre.  He 
claims  that  the  greatly  increased  capability  of  absorptiou  in  these 
cases  renders  their  use  extremely  dangerous.  It*  is  our  plan  to  scrub 
the  skin  lightl}^  with  gauze,  using  green  soap  and  then  alcohol  only. 
No  other  antiseptic  is  employed. 

4.  Skin  incision.  We  employ  the  Kocher  transverse  incision 
through  the  skin  and  platysma  over  the  more  prominent  part  of  the 
tumor.  The  incision,  starting  from  the  outer  border  of  the  sterno- 
raastoid,  passes  across  the  neck  Avith  the  convexity  downwards.  A 
generous  incision  is  to  be  recommended.  The  skin  and  platysma  are 
now  reflected  upwards,  exposing  to  view  sterno-hyoid,  sterno-thyroid, 
omo-hyoid  and  sterno-mastoid.  The  vessels  in  the  skin,  of  which  the 
most  important  are  the  anterior  and  external  jugular  veins,  are  caught 
and  immediately  ligated  with  fine  iodized  catgut. 

The  medium  line  of  the  neck  is  sought  for  and  the  fascia  divided 
upwards  to  the  lower  border  of  the  larynx.  The  depressor  nniscles 
of  the  larynx  of  the  two  sides  may  then  be  separated.  In  small-sized 
tumors,  lateral  retraction  of  these  muscles  may  be  sufficient  to  permit 
of  dislocation  of  the  part  of  the  gland  to  be  removed,  rieiierally 
transverse  division  of  the  sterno-thyroid  and  sterno-hyoid  at  a  level 
slightly  above  the  skin  incision  will  be  found  necessary.  This  should 
be  done  only  after  the  mu.scles  are  first  secured  above  and  below  by 
forceps  that  prevent  retraction  of  tlie  divided  ends.  In  extremely 
large  glands  the  inner  border  of  the  stenio-niastoid  may  be  incised. 

The  lamina  of  tlie  deep  cervical  fascia  forniintr  the  fibrons  capsule 
of  the  ghiiid  is  reco^rii/.eil  .-ind  (li\iil''<|  t  f;iiisvcrscl y  aeposs  the  portion 
of  tlie  gland  to  be  removed. 

The  second  step  consists  in  ffeeintr  llie  "rhind  frmii  tlir  lilirniis 
capsule   by   binnt    disseefion   or   with    the   lingers,   and   disldcjit  ing   the 


4826  EXOPHTHALMIC  GOITRE 

lateral  lialf  of  the  j2:laiid  outwards  to  the  surface  of  the  neck.  Hemor- 
rhage from  small  vessels  torn  by  this  act  is  controlled  immediately 
by  ligature. 

The  operation  is  continued  by  retraction  of  the  sterno-mastoid 
outwards  and  the  fibrous  capsule  and  superficial  soft  structures 
upwards,  exposing  the  superior  pole  of  the  gland  with  the  superior 
thyroid  vessels.  These  are  isolated  and  crushed  by  a  heavy  artery 
forceps  and  ligated  first  separately  and  then  together,  and  severed 
between  the  ligatures  and  a  large  Kocher  forceps  placed  close  to  the 
gland. 

The  partially  liberated  gland  is  now  drawn  toward  the  opposite 
side,  the  sterno-mastoid  retracted  farther  outw^ards  and  the  inferior 
thyroid  artery  sought  for  at  the  lower  and  outer  angle,  where  it 
reaches  the  gland  by  passing  underneath  the  carotid  after  being  given 
off  from  the  thyroid  axis.  The  recurrent  laryngeal  nerve  is  generally 
behind  the  artery.  By  making  gentle  but  firm  traction  toward  the 
opposite  side  and  upwards,  the  artery  is  rendered  tense  and  may  be 
felt  as  a  pulsating  cord.  If  at  the  same  time  the  gland  is  lifted  for- 
ward the  artery  may  be  separated  from  the  recurrent  laryngeal  nerve 
behind.  This  act  is  of  great  importance  in  preventing  injury  to  the 
nerve  when  the  ligature  is  applied  to  the  vessel. 

Ligation  of  the  main  trunk  of  the  vessel  should  be  made  as  close 
to  the  surface  of  the  gland  as  practicable,  so  as  to  still  further  insure 
the  safety  of  the  nerve. 

In  ligating  both  the  superior  and  inferior  thyroid  vessels,  we  always 
employ  Pagenstecher  linen  for  the  ligature  material.  This  offers 
additional  security  against  the  ligature  slipping,  with  the  consequent 
serious  hemorrhage. 

The  middle  thyroid  vein  should  be  isolated  and  tied  with  a  separate 
ligature  of  linen.  The  thyroid  ima  artery,  with  its  accompanying 
vein,  should  be  searched  for  on  the  median  side  of  the  dislocated  lobe. 
If  present,  they  should  be  tied. 

The  lateral  half  of  the  gland  is  now  separated  carefully  from  the 
fibrous  capsule  posteriorly  as  far  as  the  isthmus.  This  is  well  freed 
from  the  trachea  and  caught  wath  a  Kocher  goitre  clamp  and  crushed. 
It  is  now  divided  distal  to  the  clamp  with  a  cautery  knife.  Ligation 
is  unnecessary.  The  wound  is  now  sponged  dry  and  all  bleeding 
points  secured  by  forceps  and  then  ligated.  The  most  absolute  hemo- 
stasis  must  be  secured. 

The  wound  is  carefully  washed  with  normal  salt  solution,  the 
divided  muscles  reunited  by  catgut  sutures  and  tubular  drainage 
inserted  into  the  deepest  angle  of  the  wound.     The  skin  is  sutured, 
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excepting  at  the  exit  of  the  drains,  by  a  continuous  horsehair  suture. 
The  wound,  excepting  the  point  where  drainage  passes  out.  is  cov- 
ered with  silver  foil  and  a  large  dressing  applied. 


/ 


Kocher 's  Anjfiilar  Incision   in   rnihitcnil   Kcsci-tion  ot    tin-  Tlivtdiil  (il.-iml;   Skin, 
Fasfia  and    F'latysnia    I)i\i(i('(| ;    .Mcclian   .hii,'nlai-    \<'in   ('id.ssinj;   the   Inrision. 


At  tlie  end  of  foi-t y-ciglit  lioiirs  tlir  tnlmlar  ilr;iiii;it:c  is  rciii(nf<l 
and,  if  the  dischargf  of  wound  si-crct ion  is  snuill.  wn  ntlnr  <|r;iiii  is 
inserted.  If.  on  the  otln  r  liiind.  the  srcri't  ion  lidiii  tlir  ^'hind  and  tin- 
wound  is  still  ••f)nsid(  ralilr.  ;i  small  strip  of  jiiitta  |M'i-c|ia  lisswc  is 
inserted  and  secui'rd  li\-  a  safrt.v  pin.     At  tlir  end  ol'  ilir  foni-tli  day 
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all  drainage  is  removed  and  the  wound  sealed  with  eollodion  over 
the  silver  foil. 

Opium  and  belladonna  are  given  after  the  operation  in  sutBeient 
quantities  to  secure  rest  and  quiet  for  the  patient. 

In  common  with  operations  on  simple  goitre,  hemorrhage,  either 
immediate  or  subsequent,  constitutes  an  element  of  danger.  Hem- 
orrhage at  the  time  of  the  operation  is  more  to  be  feared  in  exoph- 
thalmic goitre  than  in  excision  of  the  gland  in  ordinary  cases  of 
goitre.  In  the  former  the  great  vascularity  of  the  gland,  the  increased 
friability  and  lost  retractile  power  of  the  walls  of  the  vessels,  as  shown 
by  Albert  Kocher  {Mitt.  a.  d.  Gr.  dcr  Med.  und  Chir.,  Bd.  9,  1902, 
p.  1-30-4)  and  Gerhardt  {Mitt.  a.  d.  Gren.zgehiet  der  Med.  und  Chir., 
1896,  Vol.  1,  pp.  135-138),  constitute  an  important  factor  in  the 
causation  of  a  dangerous  hemorrhage.  In  the  late  stages  of  the 
disease  in  particular  we  find  extensive  degeneration  of  the  media, 
with  loss  of  elastic  substance  and  separation  of  the  media  and  adven- 
titia,  rendering  the  structure  of  the  vessel  exceedingly  brittle.  As  a 
consequence,  small  vessels  are  not  automatically  closed  and  the  large 
ones  frequently  are  torn  through  by  the  ligature,  permitting  a  con- 
tinuation of  the  hemorrhage  or  later  promoting  a  secondary  hem- 
orrhage. A  second  frequent  cause  of  secondary  hemorrhage  is  the 
inclusion  in  the  ligature  of  a  portion  of  muscle,  which,  upon  contrac- 
tion of  the  muscle,  pulls  the  ligature  from  the  vessel.  This  accident 
can  be  avoided  if  the  vessels  are  isolated  carefully  before  ligature  is 
applied  and  the  dangers  of  muscle  inclusion  are  borne  in  mind.  In 
simple  goitre,  when  the  vascular  system  is  in  a  relatively  normal  con- 
dition, a  considerable  loss  of  blood  can  be  borne  without  great  risk 
to  life.  In  exophthalmic  goitre,  especially  in  the  later  stages  of  the 
disease,  with  toxic  myocarditis  and  cardiac  dilatation,  a  relatively 
small  hemorrhage  may  prove  fatal. 

Besides  the  dangers  incident  to  operation  for  simple  goitres,  we 
have  in  exophthalmic  goitre  certain  conditions  that  may  be  developed 
during  and  after  the  operation  that  may  cause  a  fatal  termination.  It 
is  well  known  that  patients  suffering  from  this  disease,  especially 
those  with  pronounced  tachycardia,  bear  general  anesthesia  of  any 
kind  badly.  The  degenerated  heart  muscle,  with  the  increased  irrita- 
bility of  the  heart  centers  in  these  cases,  greatly  increases  the  chance 
of  death  in  chloroform  iiarcosis.  In  other  eases  where  the  goitre  is 
large,  or  in  the  retro-sternal  or  retro-clavicular  struma,  the  dangers 
from  ether  are  equally  great.  In  a  few  no  general  anesthetic  should 
be  given.  In  quite  a  number  of  eases  the  symptoms  that  were  present 
before  operation  become  greatly  exaggerated   immediately  following 
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it.     The  pulse  iuereases  in  fre(iiieiicy  and  beeomes  arhytlnnieal.  the 
exophthalmos    beeonies    more    prouoimced.    tremor    and    elevation    of 


liiilatcral  Tliyroidoi-toiiiy  Tlironyli  Kocher's  Aiij;ul:ir  Imision  :if'trr  the  lilircMiM 
lapsiilc  has  licoii  incised  and  tlie  iatoral  half  of  the  j;laiid  dishxjiti'd  toward  tho 
iiipdiaii  line;  the  sternothyroid  and  the  sterno  hyoiil  innscles  cut.  Tho  infi'rior 
thyroiil  artery  and  lecnrrent  laryngeal  nerve  are  shown  at  the  lower  anyle  of  the 
wound. 


teiiipcT'atiirc  rapidly  im-rcast'.    (Jj-cat  iiiiisciilar  Ufakiu-ss  and  dcliriiiiii. 
with  snpf))'cssi()ii   of  iifiiif.  iii-c  the  syiii|itoiiis   wliii-h   usually   precede 
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speedy  dissolution.  These  syinptonis  are  due  to  an  escape  into  the 
tissues,  thence  into  tlie  circulation,  of  a  large  quantity  of  toxic  secre- 
tion of  the  gland.  The  already  weakened  nerve  centers  are  simply 
overwhelmed  and  the  patient  succumbs. 

It  is  rarely  after  an  operation  for  exophthalmic  goitre  that  we 
see  a  case  run  an  apyretic  course.  Usually,  for  a  while  at  least,  the 
pulse  is  accelerated  and  the  temperature  elevated,  even  where  no 
sepsis  is  present.  Sudden  deaths  some  hours  or  days  after  the  opera- 
tion may  unexpectedly'  occur.  These  deaths  are  probably  the  result  of 
general  lymphatic  and  thymic  hypertrophy,  which  is  so  often  found  in 
cases  of  exophthalmic  goitre.  It  is  now  well  known  that  sudden  death, 
when  no  operation  has  been  performed,  is  a  possible  termination  of 
these  cases  of  status  lymphaticus.  On  post-mortem  nothing  but 
degeneration  of  the  heart  muscle  and  general  lymphatic  hyperplasia 
is  found. 

Death  from  collapse  of  the  trachea  occurs  after  operation  for  any 
form  of  goitre.  Fiitterer  has  shown  that  in  cases  where  continued 
pressure  by  a  tumor  is  made  upon  the  trachea  for  some  time,  a  mucoid 
degeneration  of  the  cartilage,  with  softening  of  the  rings,  results. 
After  a  sudden  inspiratory  effort  the  weakened  cartilages  may  col- 
lapse and  death  from  asphyxia  follow. 

A  remote  risk  to  the  patient  lies  in  injury  to  the  parathyroid 
glands.  If  the  technic  of  the  operation,  as  described,  is  followed, 
there  is  no  great  danger  of  injuring  these  glands.  C.  H.  Mayo 
believes  that  the  risk  is  about  as  great  as  that  of  embolism  following 
abdominal  operations. 

In  considering  the  curative  value  of  the  operation,  great  difficulty 
is  encountered  because  of  the  great  variation  in  what  different 
observers  consider  a  cure.  In  a  series  of  cases  reported  by  Sorgo 
(Centralhl.  f.  Orenzgh.  d.  Med.  n.  Chir.,  May,  1898,  Bd.  I,  No.  6, 
p.  329)  the  results  regarding  the  individual  symptoms  are  tabulated. 
His  table  includes  172  cases.  Of  these,  the  tremor  entirely  disap- 
peared in  57.9  per  cent.,  the  tachycardia  in  48.7  per  cent.,  and  the 
exophthalmos  in  48.2  per  cent.  The  general  condition  of  the  patient 
was  practically  normal  in  30  per  cent,  of  the  cases.  In  about  25  per 
cent,  of  the  others  there  was  great  improvement  in  the  symptoilis, 
but  the  patients  could  not  be  said  to  be  cured  of  any.  The  operatioil' 
mortality  in  these  cases  is  13.9  per  cent.  The  results,  as  shown  in  the 
cases  reviewed  by  von  Eiselsberg,  which  include  those  reported  by 
Mattisen  {Inaugural  Diss.,  Erlangen,  1896),  Heydenreich  (Semaine 
Med.,  1895,  XV,  p.  32),  Starr  (Jour,  of  Nerv.  ami  Ment.  Dis.,  1894; 
also  Med.  News,  1896,  Vol.  LXVIII,  pp.  421-529),  Schulz,  Buschan, 
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.MaiilR'iiu,  and  Sorgo,  giviiiy  in  all  1.228  i-ascs.  show  complete  recovery 
in  -14.8  per  cent.,  and  great  iuiprovenieiit  in  2:5  per  cent.  The  mortal- 
ity in  these  cases  was  8.3  per  cent. 

Friedhain  {Arch-,  f.  Klin.  Chir.,  Wd.  11.  \^.  !)17)  investigated  the 
late  results  in  20  cases  operated  upon  by  Kiimmell.  These  cases  were 
examined  from  four  and  one-half  to  fifteen  and  one-half  years  after 
the  operation.  Of  these.  14  were  absolutely  cured.  Five,  after  periods 
varying  fi-om  tln-ee  and  one-half  to  nine  and  one-half  years,  were 
found  to  be  greatly  improved  and  able  to  go  al)Out  and  continue  their 
occupations,  although  all  of  the  symptoms  had  not  disappeared.  One 
death  resulted  in  this  series,  probably  from  hyperthyroidism,  although 
necropsy  did  not  reveal  the  cause. 

With  the  improvement  in  teehnie  the  operative  mortality  and  the 
percentage  of  cures  have  steadily  improved  up  to  the  present  time. 
Rehn,  in  1900,  reported  50  per  cent,  recoveries,  with  22.1  per  eent. 
mortality.  Fi'irdliain.  TO  per  cent,  chits,  wilh  ")  per  cent,  mortality, 
in  a  series  of  20  cases,  ivt'viewing  the  reported  eases  from  the  clinics 
of  Mikulicz.  KWhdein,  Kocher  and  Kijnig.  he  found,  of  the  105  cases 
reported,  75  cured  (70.1  per  cent.),  23  improved  (21.;)  per  cent.).  ;ind 
8  deaths  (7.6  per  cent.). 

The  mortality  of  partial  thyi'oidectomy  foi'  exophthalmic  goitre 
runs,  in  the  cases  reported  within  the  last  two  years  by  various  opera- 
tors, from  13  to  about  6  per  cent. 

C.  II.  Mayo  {Surgcrij  Gynccohnnj  and  Ohst<  tries,  .Maicji.  lOOi), 
p.  237)  reported  in  1908,  295  cases  treated  l)y  partial  Ih.Ni-oidcctoiiiy, 
with  18  deaths  (6.1  per  cent.).  7  of  which  occurred  in  the  lirst  46 
cases  oi)erated  on  by  him.  One  death  occurred  on  tiic  talilc  from 
shock,  fifteen  from  acute  thyroid  intoxication — all  within  twenty 
hours  after  the  operation.  Two  deaths  i'esult(>d  from  embolism.  on(> 
cerel)ral  and  one  pulmonary. 

Intraglandular  tin/roid  <  nuclcation. — This  operation,  lii-st  prac- 
tised by  Porta  and  latm-  extensively  employed  by  l'>illi-oth,  Wolff, 
l>runs  and  others,  in  the  treatment  of  circumscrilx'd  simple  goitre, 
has  but  a  limited  held  of  application  in  the  treatment  of  exoplithalmic 
goitre.  It  is  applieable  oidy  to  tiiose  cases  of  goiti-e  upon  whicli 
symptoms  of  li\pert liyroi<lism  hav(^  been  grafted  and  is  not  to  be 
considered  in  the  operative  treatment  of  the  t>|»e  of  goiti-e  that  is 
characteristic  of  primary  (Jraves'  disease.  .\s  we  have  shown,  this 
type  represents  the  more  or  less  dilfnse  foi'm  of  liyperl  rophy  oi-  liyper- 
j)lasia  of  the  thyroid  gland.  Although  this  form  may  appear  as  a 
unilateral  goitie.  yet  the  niitnre  of  the  glandular  enlargement  does 
not  permit  of  the  enucleation  of  tli.-  tniiioi-. 
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In  adoiioiiui,  either  pure  or  those  having  undergone  the  various 
metamorphoses  common  to  these  growths,  and  in  cystic  tumors,  we 
have  in  this  method  tlie  safest  means  of  removing  the  tumor  and 
reducing  and  favorably  influencing  tlie  thyroid  secretion  that  is  the 
essential  cause  of  the  disease. 

Technic.  The  incision  is  the  same  as  for  Unilateral  thyroidectomy, 
namely,  the  transverse  collar  incision  of  Kocher,  or  the  angular  inci- 
sion, depending  upon  the  size,  position  and  form  of  the  tumor.  The 
incision  includes  the  skin,  fascia  and  platysma.  The  deep  fascia  is 
incised  in  the  median  line  as  in  the  operation  for  excision  of  the  gland. 
The  depressors  of  the  larynx  are  either  retracted  or  incised  trans- 
versely, depending  upon  the  location  and  size  of  the  growth.  The 
thyroid  is  exposed  but  not  dislocated,  as  in  thyroidectomy.  Between 
the  larger  vessels  of  the  capsule  the  cellular  tissue  and  capsule  are 
incised,  with  what  gland  tissue  may  exist,  down  to  the  tumor.  The 
small  vessels  that  are  cut  are  caught  and  ligated.  AVhen  the  envelop- 
ing capsule  of  the  growth  is  reached,  the  tumor  is  quickly  but  care- 
fully separated  from  the  capsule,  either  hy  means  of  the  fingers  or 
by  Kocher 's  director.  Hemorrhage  at  this  stage  of  the  operation  is 
usually  insignificant  and  can  be  readily  controlled  by  temporarily 
packing  the  cavity  left  by  enucleation  of  the  tumor.  Permanent 
hemostasis  is  best  accomplished  by  closing  the  cavity  by  a  suture  of 
catgut. 

After  bringing  together  the  edges  of  the  cavity  by  suture  of  the 
gland  tissue,  no  drainage  is  necessary,  providing  the  hemostasis  is 
effective  and  complete.  The  cut  nmscles  and  skin  are  reunited  as  in 
partial  thyroidectomy. 

The  greatest  danger  in  intraglandular  enucleation  is  hemorrhage. 
In  extremely  vascular  growths  or  in  hypertrophy  or  hyperplasia,  or 
in  the  so-called  struma  vasculosa,  it  goes  without  saying  that  this 
procedure  should  not  be  chosen,  but  systematic  ligation  of  the  thyroid 
arteries  and  excision  of  a  half  of  the  gland  should  be  selected. 

The  advantages  presented  by  this  operation,  under  favorable  con- 
ditions, are  that  it  saves  from  injury  the  neighboring  important  struc- 
tures, namely,  the  recurrent  laryngeal  nerve  and  the  parathyroid 
glands,  and  that  it  does  not  by  cicatrization  and  interference  with 
blood  supply  expose  to  remote  changes  these  delicate  structures.  It 
also  permits  of  a  second  operation  on  the  same  side  or  on  the  opposite 
side  by  conserving  gland  tissue. 

The  chief  objection  to  its  application  to  exophthalmic  goitre  or 
cases  of  hyperthyroidism  is  that  by  it  we  frequently  do  not  remove 
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sufScieiit  secreting  tliyroid  suKstaiire,  ;md  therefore  do  not  control  the 
excessive  secretion  that  is  the  cause  of  the  symptoms. 

Rescction-tnuticatioii  of  Koclier. — This  operation  is  occasionally 
employed  1)\-  Kocher  in  the  treatment  of  exophthalmic  goitre.  Like 
iutraglandular  enucleation,  it  has  a  greater  tield  of  ap])lication  in 
simple  goitre.  It  is,  according  to  Kocher,  chietiy  of  value  in  ditfuse 
follicular  colloid  or  cystic  degeneration. 

The  various  steps  of  the  operation  up  to  the  point  where  the  gland 
is  exposed  are  the  same  as  described  under  intraglandular  enucleation. 
The  isthnuis  is  freed  from  the  traciiea,  crushed  and  divitlcd  between 
two  ligatures.  The  goiteroid  mass  is  then  freed  by  means  of  the 
lingers  from  the  posterior  surface  of  the  gland,  leaving  the  posterior 
portion  of  the  gland  and  the  glandular  capsule  intact.  After  separa- 
tion of  the  tumor  from  the  overlying  gland  tissue  and  the  posterior 
portion  of  the  capsule,  the  outer  remaining  pedicle,  consisting  of  gland 
tissue  and  capsule,  is  crushed,  ligated  and  incised.  This  procetlure 
protects  the  recurrent  huyngeal  and  the  parathyroids. 

Hemorrhage  is  controlled  by  suture  ligature  as  in  tlie  eiuicleation 
operation.  This  method  possesses  the  advantage  of  conserving  con- 
siderable gland  tissue,  which  is  of  great  importance  wlien  both  lobes 
are  extensively  diseased  in  diffuse  cystic  tlegeneration.  This  type  of 
goitre  is  seldom  associated  with  symptoms  of  excessive  secretion. 

Incision  and  drainage  of  the  thyroid. — This  operation  is  indicated 
only  in  large  cystic  goitres  when  repeated  attacks  of  iuHammation 
have  caused  dense  adhesions  of  Ihc  cyst  wall  to  the  surrounding 
structures.  The  method  of  opei-ating  is  as  follows:  (  N/^v/^ /•//,  (Itpu- 
colofjij  and  Obstetrics,  I\larch,  !!)()!).  p.  2;{7)  : 

.\n  incision  is  iiiadi'  over  ihc  most  proniincnl  part  of  tiie  tumor 
down  to  tile  gland.  The  vessels  of  the  capsule,  both  libi-oiis  and 
glandular,  are  ligated  and  divided.  Tiie  cyst  wall  is  incised  and  the 
cut  edges  are  sutui'cd  to  the  skin.  I-'rom  the  cavity  all  colloid  masses 
are  removed  with  the  fingers.  TIh'  cavity  is  packed  with  gau/e  to 
control  hemoi-riuige  and  facilitate  drainage. 

Ejolhijropc.rii,  as  pi-aclise(l  by  .Jabonlay.  consists  in  freeing  the 
gland  from  its  environs  and  dislocating  it  iijioii  the  surface  of  the  skin, 
where  it  is  allowiMl  to  ceinain.  As  a  result  of  ati-opliy  and  resorption, 
the  gland  gradually  shrinks  and  becomes  cicali-i/ed.  This  operation 
has  been  practised  chiefly  in  France,  and  tliej-e  by  but  a  few  surgeons. 
Following  exotliyroyx'xy,  symptoms  of  acute  thyroid  intoxication  are 
frequently  noted  f?-om  the  escajic  into  the  tissues  of  tiie  scci-etion  of 
the  gland.  An  improvcmeiil  in  lln'  most  favorable  cases  is  extremely 
slow. 
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Berard  {Tlurap.  Chininjicalc  dii  Goitre,  1897;  also  Traite  de 
Chirurgic,  Vol.  XX,  1908,  p.  398)  mentions  12  cases  operated  upon 
by  Jaboulay  and  Poncet.  Of  these,  7  were  considerably  improved, 
but  none  could  be  said  to  be  cured,  although  later  other  surgical  pro- 
cedures, such  as  excision,  enucleation  and  sympathectomy,  were  more 
easily  performed  and  cured  the  patients. 

In  the  12  cases  operated  upon  there  were  2  deaths  from  acute 
hyperthyroidism  following  the  operation.  In  this  country  exo- 
thyropexy  has  not  been  practised,  and  is  not  generally  sanctioned  by 
the  profession. 

The  principal  objection  to  this  operation  is  the  difficulty  in  dislocat- 
ing the  gland,  particularly  when  the  goitre  is  large  and  deep-seated. 
Dyspnea  and  venous  hemorrhage  are  freciuent,  and  constitute  the 
greatest  risk  to  the  patient.  Healing  is  slow  and  frequently  accom- 
panied by  septic  infection.  Finally,  the  deformity  resulting  is  great 
and  the  cures  infrequent. 

Technic.  A  vertical  incision  along  the  median  line  of  the  neck 
from  the  larynx  to  the  episternal  notch  is  carefully  made  through 
the  skin  and  fascia  down  to  the  cellular  space  between  the  sterno- 
thyroid muscles.  Retraction  of  these  muscles  from  the  median  line 
exposes  the  fibrous  capsule  of  the  gland.  Each  thyroid  lobe  is  then 
separated  anteriorly  from  its  capsule  by  means  of  the  fingers  until 
the  margins  of  the  gland  are  reached.  If  retraction  of  the  muscles 
does  not  give  sufficient  room,  the  muscles,  fascia  and  skin  are  incised. 
Each  lateral  lobe  is  now  drawn  forward  by  hooking  the  fingers  under- 
neath its  external  border  and  lifting  it  out  of  the  wound.  Occasion- 
ally both  lobes  may  be  dislocated  simultaneously.  This,  however,  is 
dangerous  because  of  the  risk  of  compression  of  the  trachea.  The 
glandular  capsule  should  never  be  penetrated. 

Strips  of  gauze  are  now  packed  about  the  gland  to  protect  the 
wound  from  contact  with  the  secretion  of  the  gland  and  to  prevent 
the  gland  from  being  drawn  back  into  the  incision.  The  skin  is 
allowed  to  unite  with  the  gland  and  to  gradually  cover  it.  Great  care" 
is  necessary  in  preventing  infection  during  the  process  of  cicatriza- 
tion, which  on  an  average,  requires  two  months. 

Ligation  of  thyroid  arteries. — This  operation,  as  with  the  other 
operations  mentioned,-  was  first  practised  in  the  treatment  of  simple 
goitre.  Its  application  to  exophthalmic  goitre  was  first  recommended 
by  ^Mikulicz  {Verhand.  der  Deutschcn  GeseUschaft  f.  Chirurgie,  1895, 
24th  Congress,  p.  21)  and  Kocher. 

Various  operators  have  advised  the  ligation  of  one  or  more  thy- 
roid vessels  in  extreme  cases  as  a  preliminary  step  where  later  exci- 
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sion  is  to  be  practised  if  tlie  i)atieiit's  ('omlitioii  will  warrant  this 
operation.  At  the  present  time  the  operation  is  seldom  practised 
excepting  as  a  means  of  preparing  the  patient  for  a  more  radical 
operation.  Under  these  circumstances  one  or  both  superior  thyroid 
arteries,  with  the  accompanying  veins,  are  ligated,  either  by  isolation 


Kx()tliyrope.\y  in  (braves'  Disease. 

of  the  vessels  or  by  inclinliiig  i1  in  a  "lass  ligaliirc  api)lied  1o  tiie 
superior  pole  of  the  gland.  As  a  .iirativr  op.  ia1i(»ii.  ligation  of  two 
vessi'ls  is  not  to  be  eonsidered.  The  ligation  of  tlirrr  vessels,  two 
superior  and  one  infri-ioi-.  may  sidliciently  control  the  circulation  to 
cause  atrophy  of  the-  gland,  but  the  dangers  of  this  operation  are  as 
great  as  those  of  partial  resection,  and  the  chances  of  elTccting  a  cure 


4836 


EXOPHTHALMIC  GOITRE 


considerably  less.     Even   ligation   of  the  superior  thyi'oids  alone  in 
extreme  cases  of  Graves'  disease  is  not  free  from  danger. 

Rehn  {Mitt.  a.  d.  Gr.  d.  Med.  u.  Chir.,  Bd.  7,  p.  169)  mentions 
20  cases  in  which  he  ligated  from  one  to  three  vessels,  with  a  mortality 
of  20  per  cent.    Of  these,  only  5  were  cured  and  10  slightly  improved. 


Mayo  's  Incision  for  Ligation  of  the  Suijerior  Thyroid  arteries  in  exophthalmic 
goitre. 

When  after  extirpation  of  one  lobe  the  symptoms  persist,  indicating 
that  sufficient  gland  tissue  has  not  been  removed  to  effect  a  cure, 
ligation  of  the  opposite  superior  thyroid  vessels  may  be  considered. 
Kocher  strongly  recommends  this  procedure  under  these  conditions. 
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In  patients  in  whom  the  disease  is  not  too  far  advaneed,  the  (hm- 
ger  associated  with  ligation  of  the  superior  thyroid  alone  is,  in  my 
opinion,  very  small.  The  operative  mortality  in  97  cases  of  double 
ligation,  reported  by  C.  H.  ^layo  {Sio-fjerij,  Gynecology  tnid  Obstet- 
rics, March,  1909,  p.  237)  was  one.  In  fourteen  eases  the  superior 
thyroid  on  the  side  remaining  after  extirpation  of  a  lateral  lialf  gave 
no  mortality. 

The  same  operator  reports  later  {Annals  of  iSurgcry,  Dec,  1909, 
Vol.  50,  p.  1018)  225  cases  of  ligation  of  tlie  thyroid  artery  with  a 
mortality  of  2  per  cent.  The  curative  value  of  tlu-  pi-oi-cdure  was 
considered  in  this  paper.     The  results  were  as  follows: 

There  was  slight  improvement  in  9,  great  improvement  in  44, 
very  marked  improvement  in  11.  absolutely  cured,  4,  no  improve- 
ment, 9.  In  the  majority  of  these  cases  the  operation  was  made  as  a 
preliminary  step  to  removal  of  a  part  of  the  gland. 

Kocher's  skin  incision  transversely  across  the  neck,  on  a  level  with 
the  lower  border  of  the  thyroid  cartilage,  sliglitly  curved,  with  con- 
vexity downwards  and  the  extremities  of  the  incision  carfied  vertically 
upwards  for  a  short  distance  along  the  anterior  boidef  of  the  sterno- 
mastoid.  After  division  of  thf  skin,  platysma,  the  stcfiio-mastoid  is 
retracted  outwards,  exposing  the  lower  border  of  the  hiryiix  and  tlie 
omo-hyoid,  which  is  pulled  upwards  and  toward  the  median  line. 
The  superior  pole  is  isolated.  The  superioi-  thyi-oids  are  found  just 
above  the  omo-hyoid  muscle,  are  isolated  and  doubly  ligated. 

If  the  ligature  is  thus  applied,  the  superior  or  recurrent  laryngeal 
nerves  are  not  likely  to  be  injured,  as  the  field  of  opei-ation  lies  between 
these  two  structures. 

Ligation  of  the  superior  poh s  of  tin  (jIoikI. — This  operation  has 
been  practised  by  Jacobson  [Thyroul  ond  I'dnitliyroid  (Ihnids,  1910. 
p.  163).  of  Toledo,  in  the  treatment  of  exo|)lithalmie  goitre.  The 
theory  uj)0n  \vhicli  the  operation  is  li;ised  is  met  !iy  im-lndinir  in  tli" 
ligature  both  arteries  and  veins  ;ind.  in  adilition.  a  considerable  part 
of  the  poles  of  the  gland,  that  not  onl\-  is  tln^  blood  sui)ply  to  the 
gland  lessened,  but  the  escape  of  tiiyi-oid  secretion  into  llie  eircnialion 
is  prevented  by  occlusion  of  tb.e  lympatliii-  vessels  of  tlie  gland. 
Jacobson  reported  S  cases  opei-aled  upon  by  this  method,  with  1 
death.  The  imme(lia1e  etVect  of  the  operation  seems  to  be  about  as 
satisfactory   as   ligation   of   both   superior   thyroids  after   the    method 

of  ^likulicz   and    Kodier.      'i'lie   ultimate   i-esults  i-annol    1 ompared 

witli   those   of  other  o|)erativi'    methods   because   of   the   com|>arat  ively 
short  time  that  the  cases  were  under  (.bsei-v;d  ion. 

Jacobson 's  technic  is  siiidlai-  to  that   emiiloyed   by   Kydyger   {Areli. 


4838 


EXOPHTHALMIC  GOITRE 

<S()6)    I'or  ligation  of  the  superior  thyroid 


/.  Klin.  Chir.,  lUl.  40.  p 
arteries. 

The  su])erior  poh'  of  the  gland  is  reached  through  a  short  vertical 
incision  to  the  inner  side  of  the  sterno-mastoid  muscle,  directly  over 


Unilateral  Thyroidectomy.     Ligation  of  the  superior  thyroid  vessels  after  dis- 
location of  the  gland. 

the  upper  pole  of  the  gland.  The  sterno-mastoid  is  retracted  outwards 
and  the  sterno-thyroid  inwards,  exposing  the  capsule  of  the  gland, 
which  is  now  incised.  By  means  of  a  large  aneurysm  needle  two 
strong  ligatures  of  silk  or  linen  are  passed  about  the  exposed  portion 
of  the  gland,  one  and  a  half  centimeters  apart,  and  tightly  tied. 
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The  exact  stages  of  this  operation  are  thus  (k-srrihetl  [Surgery, 
Gynecology  and  Obstetrics,  Nov.,  1910,  p.  510),  by  the  writer: 

"The  method  consists  in  doubly  ligating  both  upper  horns  of  the 
thyroid  gland  and  is  carried  out  as  follows:  After  carefully  palpatinir 
and  determining  the  position  of  the  upjx-r  pole  of  the  i-iglit  lobe,  either 
a  transverse  or  an  oblicpie  skin  incision  is  made  directly  over  it.  The 
incision  is  one  and  one-half  inches  long  and  extends  through  tlie  skin, 
superficial  fascia,  platysma,  down  to  deep  fascia,  when  the  inner 
border  of  the  steruo-mastoid  muscle  can  be  seen.  The  inner  border 
of  the  sterno-mastoid  is  then  loosened,  raised  and  retracted,  exposing 
the  fibers  of  the  sterno-thyroid  muscle  which  i-uii  in  tlie  opposite 
direction  to  those  of  the  sterno-mastoid.  These  fil)ers  are  separated 
for  about  one  inch ;  the  deep  fascia  covering  the  thyroid  will  then  be 
exposed.  This  fascia  is  next  divided,  and  the  capsule  of  the  gland 
brought  into  view.  The  muscles  are  well  retracted  by  blunt  hooks. 
A  ligature  carrier  or  a  large  curved  pedicle  or  aneurism  needle  is 
used  to  pass  the  ligatures.  The  material  used  for  ligation  has  been 
mostly  linen  or  silk.  Theoretically  it  seems  that  heavy  black  linen 
on  account  of  its  slowness  of  absorption  is  ])est. 

In  passing  the  ligature  around  the  upper  pole  on  the  right  side,  the 
blunt  needle  is  passed  from  within  out,  while  upon  the  left  it  is  passed 
from  without  in,  after  first  freeing  and  raising  the  pole  somewhat  by 
blunt  dissection. 

Theoretically  at  least,  it  seems  tliat  the  ligature  should  be  placed 
extra-capsular,  for  the  reason  tliat  Ihc  lymphatic  vessels  of  the  gland 
parenchyma  empty  into  llic  lymphatics  contained  within  ttie  capsule. 
and  that  the  extra-capsulai-  ligature  will  more  eCfectually  stop  the 
gland  excretion. 

Some  little  resistance  iiia\-  he  eiicounlei'cd  in  passing  the  blunt 
needle  about  the  pole;  this,  however,  is  (jiiickly  oxfrcoiiie.  When  the 
blunt  point  of  the  needle  has  been  passed,  the  litzature  is  grasped  and 
the  instrument  withdrawn.  \'>y  cutting  the  looj).  we  have  two  ligatures 
surrounding  the  gland  pole.  These  ai'e  cjircrully  separated  and  tied, 
leaving  a  space  between  Ihem  oi'  from  oiie-fonrth  to  one-half  inch. 
Immediately  after  ligation  the  L;i;nid  tissue  in  the  \icinity  oi"  the 
ligature  becomes  blanched. 

The  closure  of  the  wound  consists  in  the  jippfoxiinat  ion  ol"  the 
muscles  by  one  or  two  interi-upted  catgut  sutures,  i'ollowcd  by  ;i|t|>r()xi- 
mation   of  supertieial    fascia   and   skin. 

The  operation  of  "poh'  li'jation""  may  he  used  in  coniliinat  ion  with 
otliei-  operations  on  the  th.sroid  gland  for  the  I'eiief  of  exophthalmic 
goiter.      It    may   be   used    in   i-onjunction   with    the    j)ressure   atrophy 
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operation  of  Wei^eliiis,  with  partial  thyroidectomy  in  whicli  the  liga- 
tion of  the  pole  is  made  on  the  remaining  lobe,  and  also  in  combi- 
nation with  ligation  of  one  or  both  inferior  thyroid  arteries. 

Aside  from  the  possible  advantage  of  including  in  the  ligature 
gland  tissue,  blood  and  lymphatic  vessels,  this  procedure  has  to 
recommend  it  simplicity  and  freedom  from  any  great  risk  to  the 
patient.  It  can  usually  be  performed  under  local  anesthesia  and  at 
the  hands  of  a  skilful  operator  should  consume  only  a  few  moments. 
The  chief  danger  lies  in  injury  to  the  internal  jugular  vein  or  the 
carotid  artery. 

In  discussing  the  treatment  of  exophthalmic  goitre  by  operative 
measures  elirected  against  the  cervical  s\jmpeitlietic,  the  stretching  op- 
eration may  be  left  out  of  consideration.  The  effect  of  simple  section 
of  the  sympathetic  cord  has  also  but  slight,  if  any,  influence  on  the 
disease.  This  operation  was  first  proposed  by  Edmonds.  [Path.  Soc, 
London,  1895,  May  21st,  p.  224.)  Jaboulay  (Tr.  12th  International 
Med.  Cong.,  p.  515)  reported  six  cases  of  unilateral  and  two  of  bilateral 
section  of  the  sympathetic  cord.  In  all  the  retraction  of  the  eye  be- 
came noticeable  after  the  first  day.  The  size  of  the  goitre  was  lessened 
and  the  heart  symptoms  were  somewhat  improved.  The  pulse  rate 
was  not  materially  changed,  but  the  heart's  action  became  more  regu- 
lar and  the  tones  clearer.  One  patient  observed  four  j^ears  after  the 
operation  was  greatly  improved  in  health. 

The  results  of  partial  resection,  including  both  unilateral  and  bi- 
lateral operations,  are,  on  the  whole,  more  favorable  than  those  ob- 
tained by  simple  section. 

Balascescu  {Arch.  f.  Klin.  Chir.,  Bd.  67,  p.  59)  reports  from 
Jonnesco's  clinic  27  cases  treated  by  partial  resection.  These  eases 
were  observed  from  one  to  four  years.  Of  these,  9  were  cured,  11 
improved,  and  2  unimproved.  There  were  five  deaths.  The  same 
author  reported  17  cases  of  total  bilateral  sympathectomy.  Of  these, 
14  were  operated  upon  by  Jaboulay.  Of  the  17  cases  reported  by 
Balascescu,  10,  or  58.9  per  cent.,  recovered  completely,  the  exophthal- 
mos being  the  first  to  disappear.  Improvement  of  the  tachycardia  was 
not  so  rapid  nor,  in  general,  so  satisfactory  as  that  of  the  first-named 
symptom.  In  some  cases  the  pulse  quickly  reached  the  normal  and 
so  remained.  In  two  cases  the  tachycardia  reappeared  after  the  pulse 
rate  had  been  normal  for  some  time.  In  five  of  the  seventeen  there 
was  great  improvement  either  in  the  exophthalmus,  the  general  nervous 
manifestations,  or  in  the  tachycardia,  although  the  patients  could  not 
be  considered  cured. 

Curtis  {Annals  of  Surgery,  Vol.  43,  p.  336),  of  New  York,  reported 
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7  cases  of  sj^mpatheetomy  tor  exophthalmic  goitre.     Of  these,  3  died, 
2  from  acute  hyperthyroidism  and  1  from  the  anesthetic.     Of  the  4 


The  (."ci\ii'iil  Syin|)i(tlu'tic   Ximvc  iiiicl  (i;ui;;li(in. 

a.   Superior   fervifal   <Taiio;lif)ii.      I).    I  nlViior   tliyroid    artery.      /.■.    I'lireiiir   nerve. 
h,  Middle  cervical  ganglion. 


cases  lliiit  siii'vivcd  the  ()|icr';it  ion.  oiir  rrhipsrd  williin  iiiiir  nioiitlis 
iiiid  dii'd  nil  iiiKitrly  of  ;iii  iiciilc  ciiddciirdit  is.  ( )tic  rii.sr  li;id  f,M-c;i1ly 
iiiij)r()\rd  ;it  thr  end  (d"  one  yr;if,  liiit  dird  of  iii'|  ih  I'it  is.     ()iic  \\;is  com- 
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pk'tely  cured  at  the  end  of  five  years,  and  one  was  improved.  These 
results  were  so  discouraging  that  Curtis  abandoned  the  operation  and 
advised  partial  thyroidectomy  when  an  operation  was  to  be  considered. 
In  reporting  the  cases  he  mentions  as  contraindicating  this  operation 
the  unsightly  scars,  the  higli  mortality  and  the  uncertainties  of  relief 
that  have  attended  this  i)rocedure. 


The  Middle  Cervical  Ganglion.      (After  Bryant.) 
3.  ConuncH  carotid  artery.     4.  Pneuniogastric  nerve  in  sheath.     5.  Internal  jug- 
ular vein.    ().   Sympathetic  cord.    7.  Inferior  thyroid  artery.    8.  Middle  sympathetic 
ganglion.     9.  Thyroid  axis. 

The  death  rate,  according  to  Rhem  (Mitt.  a.  d.  Grcnzgch.  der  Med. 
und  Chir.,  Vol.  87,  p.  165),  in  total  resection  is  9.3  per  cent.  This, 
when  compared  to  the  mortality  rate  in  unilateral  resection  of  the 
thyroid  for  exophthalmic  goitre,  argues  strongly  in  favor  of  the  latter 
operation. 

In  considering  the  relative  merits  of  the  two  procedures  we  must 
strongly  advise  partial  thyroidectomy  in  preference  to  any  operation 
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on  the  sympathetic.  Total  resectiou  is  an  operation,  in  my  opinion, 
many  times  more  difficult  and  offering  less  hope  of  curative  results 
than  operations  on  the  thyroid  gland,  particularly  excision  of  a  portion 
of  the  gland  or  ligation  of  the  thyroid  arteries.  One  of  the  strongest 
arguments  against  sympathectomy  is  that  it  has  never  been  popular 
with  surgical  masters;  that  the  theory  upon  which  these  procedures 
are  based  never  has  been  accepted  as  adequately  explaining  the  phe- 
nomena of  the  disease. 

Total  unilateral  sympathectomij .  The  superior  ganglion,  the  largest 
of  the  three,  is  generally  found  opposite  the  second  and  third  vertebrge, 
although  it  may  be  as  low  as  the  fourth.  It  lies  behind  the  carotid 
sheath  and  rests  upon  the  rectus  capitus  antieus  major  muscle.  The 
inferior  ganglion  lies  between  the  base  of  the  transverse  process  of 
the  seventh  cervical  vertebra  and  tlie  neck  of  the  first  rib,  deep  in  the 
root  of  the  neck.  It  is  in  relation  with  the  superior  intercostal  artery 
internally.  Externally,  it  is  in  intimate  relation  with  the  vertebral 
artery,  which  it  invests  with  its  branches.  The  middle  ganglion,  which 
is  the  smallest,  is  frecjuently  but  a  slight  fusiform  enlargement  of  the 
cord  opposite  the  sixth  cervical  vertebra,  and  in  close  relation  to  the 
inferior  thyroid  artery  from  which  it  derives  the  name  of  the  thj-roid 
ganglion.  The  cervical  cord  is  in  close  relation  to  the  vagus,  descending 
branch  of  the  hypoglossal  and  Ix/low  witli  the  phrenic  nerves.  Super-' 
ficial  to  the  cord  and  crossing  it  about  tlic  ini(Ulh'  of  the  neck  is  the 
spinal  accessory. 

The  patient  is  placed  on  the  tal)le  witli  the  head  and  shoulders 
slightly  elevated.  The  head  is  allowed  to  liang  over  a  pilloAV  placed 
underneath  the  neck  and  shoulders,  and  the  face  is  turned  toward 
the  side  opposite  to  the  one  to  be  operated  upon. 

An  incision  is  made  beginning  at  the  lower  and  posterior  part  of 
the  mastoid,  running  parallel  with  the  posterior  bonier  of  the  sterno- 
mastoid  muscle,  down  to  a  point  on  a  level  with  the  lower  border  of 
the  clavicle.  This  is  carried  through  the  skin  and  sniierfieinl  fascia 
and  platysma  to  the  superficial  lamina  of  tlie  deep  cn-vieal  fiiseia 
which  forms  the  anterior  layer  of  the  sheath  enclosing  the  sterno- 
mastoid  muscle.  The  external  jngnhii-  is  caught  between  tissu*-  for- 
ceps and  cut  between  these.  The  deep  fascia  is  incised  cl(»sc  1o  tli<; 
posterior  border  of  the  sterno-mastoid  and  the  mns<'le  retracted  for- 
ward. Care  is  taken  not  to  injure  the  spinal  accessory  nerve.  Tpon 
retraction  of  the  muscle  inward,  with  the  conunon  sheath  of  tlie  e.irolid 
artery  and  jugular  vein,  the  sympathetic  cord  is  songht  for  idioiil  the 
middle  of  the  wound.  It  will  be  fonnd  posterior  to  the  shciith  of  the 
vessels  resting  upon   the  longus  colli  and   scjilenns   nnticns   nniseles. 
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Iiitcnially,  it  is  in  relation  with  the  pneumogastrie  nerve,  from  which 
it  must  he  differentiated.  The  sympathetic  is  recognized  by  tracing  it 
upwards  to  the  superior  eervical  ganglion.  The  ganglion  is  now  iso- 
lated, its  connnunicating  branches  divided,  and  with  the  cervical  cord 
dissected  downwards.     As  the  lower  angle  of  the  Avound  is  reached 


Inferior  Cervical  GaBglion.      (After  Bryant.) 

2.  Common  carotid  artery.  .3.  Pneumogastrie  nerve.  4.  Internal  jugular  vein. 
5.  IVIiddle  cervical  ganglion.  6.  Vertebral  nerve.  7.  Inferior  cervical  ganglion. 
8.  Vertebral  artery  and  vein.     9.  Inferior  thyroid  artery. 


the  cord  is  drawn  tense  and  the  middle  ganglionic  enlargement  freed 
from  the  inferior  thyroid.  At  this  stage  of  the  operation  I  have  found 
that  division  of  the  sterno-mastoid  muscle  through  its  tendinous  lower 
end  greatly  facilitates  this  step,  as  it  also  does  the  succeeding  steps 
of  the  operation.  Continuing  downwards,  w^hile  making  gentle  trac- 
tion on  the  nerve  trunk,  the  lower  ganglion  is  reached  behind  the 
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neck  of  the  first  rib.  The  vertebral  artery  and  vein  are  isolated  and 
Avith  the  scalenus  antieus  muscle  are  retracted  outwards.  Above, 
the  inferior  thyroid  is  at  this  time  in  danger  of  being  injured.  Thia 
is  avoided  by  gentle  retraction  of  that  vessel  inwards  and  upwards. 
With  the  sterno-mastoid  divided  the  ganglion  is  found  without  great 
difficulty  by  tracing  downward  the  sympathetic  cord.  Its  branches  of 
communication  are  divided  with  a  blunt  scissors  and  the  ganglion 
removed. 
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Tlio   Kclations  of   the   Structures  Concerned   in   Kenioval    uT   the   'I'liird    ccrN  i<'al 
synipathetic  ganijlion. 


The  wound  is  closed  witliout  drainage  al'lcr  iiniliiiij  tlic  dividcfl 
sterno-mastoid  willi  ih-c])  sutures  of  calgut  nnd  the  skin  witli  silk- 
worm gut. 

The  cliicr  danger  of  the  opcPiil  ion  is  troni  injury  to  the  larg(! 
veins  of  the    neck,    witb   eoiis(M|iiriit    hcnioiTh;i'_'^e   oi'   ;iii-  cnilioiisni.      .\ 
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clear  eoueeptiou  oi  the  auatomical  structures  that  are  iu  relation  with 
the  operative  tract  will  enable  the  operator  who  has  at  his  command 
the  necessary  dexterity  to  avoid  injuring  these  important  structures. 
Injury  of  the  pueumogastric  and  phrenic  nerves,  though  not  neces- 
sarily followed  by  serious  consequences,  may  be  a  source  of  trouble 
both  to  the  operator  and  the  patient  and  must  be  avoided.  The  pueu- 
mogastric is  distinguished  from  the  cervical  cord  by  its  greater  size 
and  by  its  more  intimate  relation  to  the  carotid  artery  and  jugular 
vein.  A  slight  enlargement  of  the  pneumogastric  trunk  that  fre- 
quently is  seen  near  the  level  of  the  third  cervical  vertebra  may  at 
first  cause  some  confusion  to  the  operator. 

The  removal  of  the  superior  ganglion  alone  with  the  sympathetic 
cord  down  to  the  middle  ganglion  is  an  operation  that  presents  no 
great  technical  difficulties,  and  from  this  standpoint  is  of  slight  im- 
portance.—  (A.  E.  H.) 

^\".  S.  Halsted  (Annals  of  Surgery,  August,  1913)  reports  that  for 
the  past  two  years  or  more  he  has  tied  the  inferior  in  preference  to 
the  superior  thyroid  arteries,  for  the  following  reasons:  The  cos- 
metic effect  is  better:  the  wounds  made  for  ligation  of  the  inferior 
arteries  are  partly  outside  of  the  field  of  the  lobectomy  operations ;  as 
the  inferior  thyroid  artery  is  usually  larger  than  the  superior,  the 
effect  of  the  ligation  may  be  greater ;  the  location  of  the  inferior  artery 
is  less  variable  than  that  of  the  superior,  which  is  subject  to  great 
clianges  because  of  the  inconstant  position  of  the  superior  pole.  The 
ligation  of  the  inferior  thyroid  artery  is  done  as  follows :  A  trans- 
■  verse  incision  from  4  to  4.5  cm.  in  length  is  made  over  the  tendon  of 
the  omohyoid  muscle  precisely  in  the  line  of  the  Koeher  collar  incision 
as  contemplated  for  the  subsequent  lobectomy.  The  fibers  of  the 
sterno-mastoid  muscle  are  separated  in  the  line  of  the  common  carotid 
artery  at  the  level  of  the  omohyoid  tendon.  The  thyroid  lobe  is  ex- 
posed behind  the  posterior  fibers  of  the  sternothyroid  muscle  and 
drawn  inward  by  a  retractor  designed  for  this  purpose.  The  common 
carotid  is  retracted  outward  by  a  similar  though  somewhat  shorter 
instrument,  and  the  layers  of  the  fascia  covering  the  inferior  thyroid 
arterj^  are  divided  at  the  level  of  the  omohyoid  tendon.  Dissection  is 
then  carried  out  solely  with  two  long,  delicate,  blunt  dissectors,  for  the 
arter\-  is  sometimes  at  a  great  depth  (greatest  when  Graves's  disease 
has  been  engrafted  on  a  colloid  goiter),  and  the  space  is  only  large 
enough,  as  a  rule,  to  admit  one  finger  between  the  deeply  concave 
retractors.  A  special  aneurism  needle  is  used  for  carrying  the  fine- 
silk  ligatures  around  the  artery.     The  wound  is  not  drained. 

Sedziak  (Zeit.  f.  Augenh.,  Vol.  30,  p.  354),  in  a  case  of  Basedow's 
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disease,  noticed  the  immediate  disappearance  of  the  exophthahuos  after 
cauterization  of  the  hj'pertrophied  inferior  turbinated  bones.  Several 
weeks  later  tremor,  tachycardia  and  goitre  also  disappeared.  In  two 
other  cases  a  similar  result  was  obtained  by  vibratory  massage.  Re- 
moval of  adenoids  in  three  children  with  exophthalmos  caused  the 
latter  to  disappear  immediately. 

In  treating  the  exposed  cornea  in  severe  cases  of  exophthalmic 
goitre,  H.  Kuhnt  {Zeitschr.  f.  AugenheUk.,  April,  1912)  regards  de- 
compression of  the  orbit  by  removal  of  the  temporal  orbital  wall  an 
ultima  ratio.  He  does  not  approve  of  Dolliuger's  recommendation  to 
perform  this  operation  prophylactically,  /.  c,  before  ulcers  of  the 
cornea  exist,  as  it  deprives  the  eye  permanently  of  an  important  pro- 
tection and  may  entail  disagreeable  consequences  to  the  function  of 
the  external  rectus  muscle. 

In  doing  a  tarsorrhaphy  or  canthorrhaphy  no  attention  is  paid  to 
the  increasing  pressure  on  the  anterior  segment  of  the  globe  in  grow- 
ing exophthalmus.  but  the  aim  is  simply  mechanical  protection  of  the 
cornea.  To  improve  this  Kuhnt  combines  with  tai*sorrhaphy  cutting 
of  the  temporal  fascicles  of  fixation  til)ers  and  of  the  orbital  septum. 
If  the  relaxation  of  the  lids  is  not  sufficient  he  adds  a  vertical  tarsot- 
omy at  the  medial  lid  angh^  But  even  this  relaxation  of  the  lid  in 
the  horizontal  direction  does  not  in  severe  cases  sufficiently  relieve  the 
pressure  and  protect  the  eyeball.  The  retracting  tendency  of  the 
upper  lid.  produced  by  tlie  increased  tonus  of  the  levator,  still  persists 
and  exerts  a  permanent  pressure  on  the  eyeball.  For  its  temporal 
relief  Kuhnt  aimed  to  enlarge  the  tarsal  surface  of  the  upper  lid  and 
to  check  or  aliolish  the  action  of  the  levator  on  the  margin  of  the  lid 
and  the  lower  half  of  the  tarsus  by  severing  the  conjunctiva,  tarsus 
and  orbicularis  parallel  to,  and  about  3  mm.  above,  the  inner  edge 
from  the  medial  to  the  lateral  orbital  margin.  The  writer  reports  the 
clinical  history  of  a  woman,  aged  65,  in  wliom  the  corneal  ulcer  healed 
after  this  operation.  He  emphasizes  the  importance  of  (  arefnl  general 
treatnifMit  in  such  serious  cases. 
Exophthalmitis.  (L.  >  An  obsolete  term  for  exophthaliiiia  accom- 
panied by  inflammation  of  the  contents  of  the  orbit  or  of  the  cajisule 
of  Tenon. 
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